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Preface to the First Edition 


The world of today is an arena of competition. Almost in every sphere of life we have to 
face competition to get vertical (or even horizontal) mobility. Specifically, students have to pass 
Competitive Examinations for seeking admission to higher level education in different areas of 
specialisation as well as for seeking jobs in areas of their choice. Even the persons in job have to 
pass competitive examinations to get higher posts. This book is an honest effort towards fulfilling 
these aspirations in fields connected with “Electrical Engineering”. 

The main attractive features of this book are : 

★ The book contains about 8000 and 2000 objective questions under the headings 
“Choose the Correct Answer” and “Fill in the Blanks/Say ‘Yes’ or ‘No 1 ” respectively. 

★ In the beginning of each chapter is added much needed text along with neat diagrams 
wherever required, to enable the students to have first hand knowledge of the subject 
matter for answering the following ‘Objective Type Questions’. 

★ Two Chapters namely “Computers and Microprocessors” and “General Awareness” 
have been added specifically to take care of questions which are asked on these 
topics almost in every competitive examination. 

★ The questions have been framed in' such a way that maximum important information 
is made available to the reader on various topics covered under the subject of 
“Electrical Engineering”. 

★ Five test papers, each containing 50 questions, have been added at the end to enable 
the students to test their ability in answering such questions in the competitive 
examinations. 

★ This book covers syllabi! of almost all competitive examinations on the subject of 
“Electrical Engineering”. 

The author’s heartiest thanks are due to his wife Smt. Ramesh Rajput for rendering all 
assistance during preparation and proof reading of the book. 

The author s thanks are also due to Shri B.S. Kohli of Birla Publications Pvt. Ltd., New 
Delhi for taking a lot of pains in bringing out the book in a very short period of time, and giving 
a whole hearted co-operation during preparation and printing of the book. 

Any suggestion and constructive criticism will be always welcome for further improvement 
of the book. 


Dated : May, 1995 


AUTHOR 
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Preface to the Fourth Edition 


I am pleased to present the Fourth Edition of this book. The warm reception, which the 
previous editions and reprints of this book have enjoyed all over India is a matter of great 
satisfaction to me. 

The entire book has been thoroughly revised and enlarged by adding judiciously more 
matter and Objective Type Questions. (From Various Competitive Examinations) to make the 
book a still more useful and comprehensive unit is all respects. It is hoped that book will continue 
to earn the appreciation of teachers and students alike. 

Any suggestions for the improvement of this book will be thankfully acknowledged and 
incorporated in the next edition. 


AUTHOR 
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Current Electricity 


1.1. ATOMIC STRUCTURE 


— An element is defined as a substance which cannot be decomposed into other substances. 
The smallest particle of an element which takes part in chemical reaction is known as 

atom. 


— All matter is composed of atoms which are infinitesimally small. 

— All atoms are made of electrons, protons and neutrons. Most solid materials are 
classed, from the stand point of electrical conductivity, as conductors, semi-conductors or 
insulators. To be conductor, the substance must contain some mobile electrons — on that 
can move freely between atoms. These free electrons come only from the valence (outer) 
orbit of the atom. Conductivity depends on the number of electrons in the valence orbit . 

u The energy level of an electron increases as its distance from the nucleus increases. Thus an 
electron in the second orbit possesses more energy than electron in the first orbit, electrons in the third 
orbit have higher energy than in the second orbit and so on. It follows, therefore, that electrons in the 
last orbit will possess very high energy. These high energy electrons are less bound to the nucleus and 
hence they are more mobile. It is the mobility of last orbit electrons that they acquire the property of 
combining with other atoms. Further due to this combining power of last orbit electrons of an atom 
they are called valence electrons 

• Atoms with fewer than four valence electrons are good conductors. 

• Atoms with more than four valence electrons are poor conductors. 

• Atoms with four valence electrons are semi-conductors. 

Important data of an atom 

(i) Electron 


Mass of an electron = 9.11 x 10 31 kg 


“ 1840 mass P r °t° n 


Electron 

orbits 



IN* ucleus 


Electrons 


Fig. 1.1. Atomic structure : Electron, proton and neutron. 


U 
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(«) 


(iii) 


Charge of electron 
Diameter of an electron 
Proton 
Mass of proton 
Charge on proton 
Neutron 
Mass of neutron 
Charge of neutron 

Diameter of nucleus. 

Diameter of orbits 


= - 1.602 x 10 19 coulomb 
~ 10" 15 m 


--1.67 x 10' 27 kg 
= + 1.602 x 10 19 coulomb. 

~ mass of proton (= 1.67 x 10 -27 kg) 
= Nil 

of the order of 10“ 14 m 

- 10 4 times the dia. of the molecule. 


— Normally, the atoms are electrically neutral, that, the number of electrons and protons 
are the same, cancelling each other’s electrical force. Atoms “stay together ” because unlike 
charges attract each other. The electrical force of the protons hold the electrons in their 
orbits. Like electrical charges repel each other so negatively charged electrons will not 
collide with each other. 


Positive and Negative Ions 

When an electron is removed from a neutral atom, this atom becomes positively charged and 
is called positive ion. However if an electron is added to a neutral atom, it becomes negatively charged 
and is called a negative ion. Thus an atom becomes an ion by the gain or loss of an electron. 


1.2. ELECTRIC CURRENT 

The controlled movement of electrons (or drift) through a substance is called current. 

— Current is the rate at which electrons move. One ampere (unit of current) repre¬ 
sents 6.28 x 10 18 electrons passing a point each second (1 coulomb past a point in one 
second). 

‘ Ampere = coulomb/second 
One coulomb = charge of 6.28 x 10 18 electrons 

1.3. ELECTROMOTIVE FORCE 

— Electromotive force (e.m.f.) is the force that causes a current of electricity to flow. 

— The potential difference (p.d.) V, between two points in a circuit is the electrical pressure 
or voltage required to drive the current between them. 

— The volt is a unit of potential difference and electromotive force. It is defirled as the 
difference of potential across a resistance of 1 ohm carrying a current of 1 ampere. 
Electron Volt 

Electron volt is a unit in terms of which the energies of atomic particles are expressed. It is 
the work done when an electron, whose charge is e coulombs, is moved in an electric field through a 
potential difference of 1 volt against the force (newtons) acting on the charge. 

Thus 1 electron volt j e joules. 

1.4. RESISTANCE 

The opposition to flow of electrons (due to bonds between protons and electrons, as well as to 
collisions) is called a electrical resistance ( R ). 
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— Resistance may also be defined as “ The property of the electric circuit which opposes the 
flowj)f current?’. 

, The practical unit of electric resistance is ohm (Q). It (ohm) is defined as the resistance in 
which a constant current of 1 ampere generates heat at the rate of 1 watt. One volt applied across 1 
ohm will produce 1 ampere. 

1 Mega-ohm (MQ) = 10 e Q 

1 kilo-ohm (k£2) = 10 3 £2 

1 milli-ohm (mQ) = 10 -3 Q 

1 micro-ohm (p£2) = 10 -6 £2. 

Laws of Resistance 

The resistance of a conductor, such as a wire, of uniform cross- section depends on the following 
factors : 

(i) 

(H) 

(iii) 

{iv) 

R = ...d-l) 


Length ( l ) : varies directly as its length, l 

Cross-section (A) : varies inversely as the cross-section, A, of the conductor 
Nature of the material (p) 

Temperature of the conductor : It almost varies directly with the temperature 


where p is known as specific resistance or resistivity. 

Specific resistance or resistivity of a material may be defined as “The resistance between the 
opposite faces of a metre cube of that material”. 

The unit of resistivity is ohm-metre (£2-m). 

Conductance (G) 


Conductance (G) is the reciprocal of resistance | G = ~ |. 

Conductivity (a) 

The reciprocal of specific resistance | a = — j of a material is called its conductivity. 
The unit of conductivity f a = G | is mho/metre. 


Temperature Co-efficient of Resistance 

Temperature co-efficient of resistance at 0°C may be defined as follows : 

“The change in resistance per ohm for change in temperature of 1°C from 0°C”. 

Over large temperature ranges the simple formula 

R,=R 0 (! + «*> ...(1.2) 

does not completely fit, but a formula of the type 

R t = (1 + oc* + p* 2 ) ...(1.3) 

(where (3 is a smaller co-efficient) 
applies. 

Also p t =po(l + ° c o*rt 

where p f and po are the resistivities at t° and 0°C respectively. 
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The effect of temperature on resistance 
The following points are worth noting: 

(i) The resistance of metal conductors ‘increases’ (a, i.e. , temperature co-efficient of resistance 
beingpositive) with rise of temperature; the rate of increase is very considerable for most pure metals, 

being as much as about —j— of the total resistance for each centigrade rise in the case of iron ; the 

effect is smaller in case of alloys, and very small indeed for materials such as manganin and 
constantan which are therefore very suitable for making standard resistances. 

(ii) The resistance of semi-conductors such as carbon , and all electrolytes ‘decreases’ as the 
temperature rises (a being negative). 

Ohm’s Law 

— Ohm’s law can be stated as follows : 

“For a fixed metal conductor , the temperature and other conditions remaining constant the 
current (I) through it is propoHional to the potential difference (V) between its ends”. 

V V 

In other words, — = constant or j = R 

where R is the resistance of the conductor between the two points considered : 

— The linear relationship (I V) does not apply to all non-metallic conductors. For example, 
for silicone carbide, the relationship is given by : 

V = KF where K and x are constants and x is less than unity. 

The following relations hold good : 

where P = power in watts 
V = voltage in volts 
I = current in amperes 
R - resistance in ohms 


Power is expressed in terms of kW (kilowatt = 1000 W) or MW (megawatt = 1000 kW or 

10 6 W). 

Electrical energy is expressed in terms of kWh (kilowatt hours) 

1 kWh = 1 kW x 1 hour = 1000 watt-hours (= 1000 x 60 x 60 watt-sec.) 
Linear and Non-linear Resistors 

— A linear resistor is one which obeys Ohm’s law. A circuit which contains only linear 
components is called a linear circuit. 

— Such elements in which the V/I (volt-ampere) plots are not straight lines but curves are 
called non-linear resistors or non-linear elements. 

Limitations of Ohm’s Law 

Ohm’s law does not apply under the following conditions : 

1. Electrolytes where enormous gases are produced on either electrode. 


(i) P = VI = I 2 R = 

(“>'-$• Vf 

p y2 

(m) R=j 2=-p- 
( iv) V = ^=VPR 
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2. Non-linear resistors like vacuum radio valves, semi-conductors, gas filled tubes etc. 

3. Arc lamps. 

4 . Metals which get heated up due to flow of current through. 

5. Appliances like metal rectifiers, crystal detectors, etc. in which operation depends on the 
direction of current. 

Resistances in Series 

Fig. 1.2 shows three resistances connected in series. Obviously current flowing through each 
resistance will be same but voltage drop across each of them will vary as per value of individual 
resistance. 

Also the sum of all the voltage drops (Vj + V 2 + V 3 ) is equal to the applied voltage (V). 


i.e., 

V = V, + v 2 + v 3 



1 R ~ IR\ + IR 2 + IR 3 

[using Ohm’s law : V = IR] 

i.e., 

R = R\ + R 2 + R 3 

...(1.4) 


where R is the equivalent resistance of series combination. 




Fig. 1.2. Resistances in series. Fig . 1.3. Resistances in parallel. 

Resistances in Parallel 

Refer Fig. 1.3. In this case voltage across each resistance will be same but current will be 
different depending upon the value of the individual resistance. 


i.e., I = Ii +1 2 +13 

V = V_ V_ V_ 

R Ri R 2 R3 

_1 _1_ J_ 

R Ri R 2 R3 

where R is the equivalent resistance of the parallel combination. 

R _ R1R2R3 

R1R2 + R2R3 ^ -^3^1 
G = G\ + G2 + G3 


,..(1.5) 

[1.5(a)] 

...( 1 . 6 ) 
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Table 1.1. Resistivities and Temperature Co-efficients 


S. No. 

Material 

Resistivity in Q -m 
at 20°C 

Temperature coefficient 
at 20°C 

1 . 

Copper 

1.59 x 10 -8 

0.00428 

2. 

Aluminium 

2.8 x 10 -8 

0.0020 

3. 

Silver 

1.52 x 10" 8 

0.00377 

4. 

Platinum 

11 x 10 -8 

0.00340 

5. 

Iron 

(9 to 15) x KT 8 

0.0070 

6. 

Mercury 

19.9 x 10 -8 

0.00089 

7. 

German silver 
(4 Cu ; 2 Ni; 1 Zn) 

20.2 x 10" 8 

0.00027 

8. , 

Constantan or Eureka 

49 x 10 -8 

- 0.00004 to + 0.00001 

9. 

Carbon 

7000 x 1(T 8 

- 0.0005 


Super-conductivity 

Equation R t = R[ 1 + a (t - 20)] holds good for temperature below 20°C. But at very low 
temperature , some metal acquire zero electrical resistance and zero magnetic induction ; the property 

known as super-conductivity. 

Super-conducting elements. Zinc, cadmium, mercury, lead. 

Typical superconducting compounds and alloys : PbAu, PbTl 2 , SnSb, CuS, NbN, NbB, ZrC. 
The superconductivity will disappear if 

(i) The temperature of the material is raised above its critical temperature 

Or 

(ii) a sufficiently strong magnetic field or current density is employed. 

1.5. RESISTORS 

A resistor entails the following two main characteristics : 

C i ) Its resistance (. R ) in ohms.The resistors are available from a fraction of an ohm to 

many mega ohms. 

(ii) The wattage rating .The power rating may be as high as several hundred watts or as 

low as Yq watt. Power rating indicates the maximum wattage the resistor can dissipate without 
excessive heat (Too much heat can make the resistor burn open). 

Classification of Resistors 

The resistors are classified as follows : 

1. Fixed resistors. The fixed resistor is the simplest type of resistor. Fixed means that the unit 
is so constructed that its resistance value is constant and unchangeable. These are made of a carbon 
composition and have a cover of black or brown hard plastics. 

2. Tapped resistors. A tapped resistor is a resistor which has a tap, or connection, somewhere 
along the resistance material. These resistors are usually wire wound type. If they have more than 
one tap, they will have a separate terminal for each. 

3. Variable resistors . A variable resistor has a movable contact that is used to adjust or select 
the resistance value between two or more terminals. A variable resistor is commonly called a control. 
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4. Special resistors . The most common type of special resistors is the fusible type. A fusible 
resistor has a definite resistance value and it protects the circuit much like a fuse. Another special 
resistor is the temperature compensating unit. Such resistors are used to provide special control of 
circuit that must be extremely stable in their operation. 

Schematic syribols for various resistors are shown in Fig. 1.4. 



(c) Tapped Resistor (f) Symbols for 

fusible resistors 

Fig. 1.4. Schematic symbols for various resistors. 


The following types of resistors are used in electrical circuits : 

(0 Carbon resistors. 

(w) Wire-wound resistors on ceramic or plastic forms (as in case of rheostats etc.). 

(i Hi) Deposited carbon resistors on ceramic base. 

(i iv ) Deposited metal resistors on ceramic base. 

C v ) Printed, painted or etched circuit resistors. 

Resistor Colour Coding 

— Resistance is measured in units called ohms. 

— Wire wound resistors normally have their values in ohms and tolerance in percent stamped 
on them. 

— For carbon or composition resistors a colour code is used. 

The resistance values, for several years have been coded by three coloured bands painted 
around the body of the resistors. If the tolerance is either 5 or 10 per cent, a fourth colour bond is 
added. Position of the bands is shown in Fig. 1.5. 


A 8 c o 




Fig. 1.5. The colour code system : colour bands indicate resistance value. 

Colours and Numbers 


Each of the colours represents one of the ten digits—0 through 9—as follows : 


Colour 

Number 

Colour 

Number 

Black 

0 

Green 

5 

Brown 

1 

Blue 

6 

Red 

2 

Violet 

7 

Orange 

3 

Grey 

8 

Yellow 

4 

White 

9 
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The bands are read from the end of the resistor toward the middle. 

— The first two colours (A and B in Fig. 1.5) 
tells the first two digits in the resistance 
value. 

— The third band (C) tells how many zeros 
follow the first two digits. 

— Sometimes a fourth band (D) is present. 

This band tells the tolerance and will be 
either gold or silver. A gold band means 5% 
tolerance, silver 10 %, and no fourth band, 

20%. The tolerance band tells how close the 
resistance should be to the value shown by 
the other three bands. 

The procedure of reading the bands is given 
below. Refer Fig. 1 . 6 . 

Band A B C D 

Colour Blue Red Orange No band 

Numbers 6 2 3 zero 20% tolerance 

The blue-red-orange bands signify 62 followed by three zero and would be read as 62000 ohms 

±20%. 



Band B 

Fig. 1.6 . Colour code used on a 
62000-ohm resistor. 


OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer : 

1.1. The flow of current in solids is due to 

(а) electrons 

( б ) electrons and ions 

(c) atoms (d) nucleus 

1.2. The resistance of human body is 
around 

(a) 5 ohms ( 6 ) 25 ohms 

(c) 250 ohms (d) 1000 ohms 

1.3. The draft velocity of electrons is 

(а) very small as compared to speed of 
light 

( б ) equal to speed of light 

(c) almost equal to speed of light 
{d) greater than speed of light 

1.4. One commercial unit of energy equals 

(а) 500 watt-secondS 

( б ) One watt-hour 

(c) One kilowatt-hour 

(d) ten kilowatt-hour 

1.5. One coulomb charge equals the charge 
on 

(а) 6.24 x 10 12 electrons 

( б ) 6.24 x 10 14 electrons 


(c) 6.24 x 10 16 electrons 

( d ) 6.24 x 10 18 electrons 

1.6. The electrical energy required to heat 
a bucket of water to a certain 
temperature is 4 kWh. If the heat losses 
are 20 percent, the energy input is 

(a) 2 kWh ( 6 ) 3.2 kWh 

(c) 5 kWh (d) 6 kWh 

1.7. In gases the flow of current is due to 
(a) electrons only 

(fo) positive ions only 
(c) electrons and positive ions 
(< d ) electrons, positive ions and nega¬ 
tive ions 

1.8. The maximum current rating for a 10 
kQ, 0.5 W resistor is 

(a) 0.707 mA (b) 7.07 mA 
(c) 14.14 mA {d) 28.28 mA 

1.9. An electrical lamp consumes 100 W of 
power. If the supply voltage is 220 V the 
energy consumed in 30 minutes is 

(a) 0.005 kWh ' ( 6 ) 0,05 kWh 

(c) 0.5 kWh {d) 5 kWh 
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! 




1 . 10 . 


1 . 11 . 


1 . 12 . 


1.13. 


1.14. 


1.15. 


1.16. 


1.17. 


1.18. 


1.19. 


1 . 20 . 


The S.I. unit of power is 

(a) henry ( 6 ) coulomb 

(c) watt (d) watt-hour 

Electric pressure is also called 

(a) resistance ( 6 ) power 

(c) voltage (< d ) energy 

The substances which have a large 

number of free electrons and offer a low 

resistance are called 

(a) insulators (fo) inductors 

(c) semi-conductors 

(d) conductors 

Out of the following which is not a poor 
conductor ? 

(a) Cast iron (fe) Copper 

(c) Carbon (d) Tungsten 

Out of the following which is an 
insulating material ? 

(a) Copper ( 6 ) Gold 

(c) Silver (< d ) Paper 

The property of a conductor due to 
which it passes current is called 
(a) resistance ( b ) reluctance 

(c) conductance (d) inductance 

Conductance is reciprocal of 
(a) resistance ( b ) inductance 

(c) reluctance (d) capacitance 

The resistance of a conductor varies 
inversely as 

(а) length 

( б ) area of cross-section 

(c) temperature (d) resistivity 
With rise in temperature the resistance 
of pure metals 

(a) increases ( 6 ) decreases 

(c) first increases and then decreases 

(d) remains constant 

With rise in temperature the resistance 

of semi-conductors 

(a) decreases (fe) increases 

(c) first increases and then decreases 

(d) remains constant 

The resistance of a copper wire 200 m 
long is 21 Q. If its thickness (diameter) 
is 0.44 mm, its specific resistance is 
around 

(a) 1.2 x 10 " 8 Q-m ( 6 ) 1.4 x 10 -8 Q-m 
(c) 1.6 x 10 " 8 Q-m (d) 1.8 x 10 -8 Q-m 


1.21. Three resistances of 10 ohms, 15 ohms 
and 30 ohms are connected in parallel. 
The total resistance of the combination 
is 

(a) 5 ohms (6) 10 ohms 

(c) 15 ohms ( d ) 55 ohms 

1.22. The equivalent resistance of a series- 
parallel circuit shown in Fig. 1.7 is 

12 XV 



Fig. 1.7 

(a) 8 ohms ( b ) 10 ohms 

(c) 12 ohms (<2) 16 ohms 

1.23. The resistance of two wires is 25 Q 
when connected in series and 6 Q when 
joined in parallel. The resistance of 
each wire is 

(a) 10 Q, 15 Q (i b) 20 Q, 30 Q 

(c) 5 Q, 10 Q id) 10 Q, 20 Q. 

1.24. The equivalent resistance of the circuit 
shown in Fig. 1.8 is 


3 St 



Fig. 1.8 

(a) 6 Q (fo) 8 Q 

(c) 14 Q {d) 20 Q 

1.25. An instrument which detects electric 
current is known as 

(a) voltmeter (6) rheostat 

(c) wattmeter (c?) galvanometer 

1.26. The equivalent resistance of the circuit 
shown in Fig. 1.9 is 


con leoxx 
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(a) 15 Q (i b ) 20 Q 

(c) 25 Q (d) 30 Q 

1.27. In a circuit a 33 Q resistor carries a 
current of 2 A. The voltage across the 
resistor is 

(a) 33 V (i b ) 66 V. 

(c) 80 V {d) 132 V 

1.28. A light bulb draws 300 mA when the 
voltage across it is 240 V. The resistance 
of the light bulb is 

(a) 400 Q ( 6 ) 600 Q 

(c) 800 Q ( d) 1000 Q 

1.29. The resistance of a parallel circuit con¬ 
sisting of two branches is 12 ohms. If 
the resistance of one branch is 18 ohms, 
what is the resistance of the other ? 

(a) 18 Q ( 6 ) 36 Q 

(c) 48 Q (< d) 64 Q 

1.30. Four wires of same material, the same 
cross-sectional area and the same 
length when connected in parallel give 
a resistance of 0.25 Q. If the same four 
wires are connected is series the effec¬ 
tive resistance will be 

(a) 1 Q (b) 2 Q 

(c) 3 Q {d) 4 Q 

1.31. A current of 16 amperes divides be¬ 
tween two branches in parallel of resis- 
tances 8 ohms and 12 ohms 
respectively. The current in each 
branch is 

(a) 6.4 A, 6.9 A (b) 6.4 A, 9.6 A 

(c) 4.6 A, 6.9 A (d) 4.6 A, 9.6 A 

1.32. Current velocity through a copper con¬ 
ductor is 

(а) the same as propagation velocity of 
electric energy 

( б ) independent of current strength 
(c) of the order of a few ps/m 

0 d ) nearly 3 x 10 8 m/s 

1.33. Which of the following material has near¬ 
ly zero temperature co-efficient of resis¬ 
tance ? 

(a) Manganin ( 6 ) Porcelain 

(c) Carbon (d) Copper 

1.34. You have to replace 1500 Q resistor in 
radio. You have no 1500 Q resistor but 
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have several 1000 Q ones which you 
would connect 

(а) two in parallel 

( б ) two in parallel and one in series 

(c) three in parallel 

(d) three in series 

1.35. Two resistors are said to be connected 
in series when 

(а) same current passes in turn 
through both 

( б ) both carry the same value of current 
(c) total current equals the sum of 

branch currents 

id) sum of IR drops equals the applied 
e.m.f. 

1.36. Which of the foh owing statement is true 
both for a series and a parallel D.C. cir¬ 
cuit ? 

(а) Elements have individual currents 

( б ) Currents are additive 

(c) Voltages are additive 

(d) Power are additive 

1.37. Whatever the battery voltage in Fig. 

1 . 10 , it is certain that smallest current 
will flow in the resistance of.ohms. 

tson. 



Fig. 1.10 

(a)250 (fo) 150 

(c) 50 {d) 100 

1.38. Which of the following materials has a 
negative temperature co-efficient of resis¬ 
tance? 

(a) Copper ( b) Aluminum 

(c) Carbon (d) Brass 

1.39. Ohm’s law is not applicable to 

(а) vacuum tubes 

(б) carbon resistors 

(c) high voltage circuits 

(d) circuits with low current densities 
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1.40. Which is the best conductor of 
electricity ? 

(a) Iron (6) Silver 

(c) Copper (d) Carbon 

1.41. For which of the following ‘ampere 
second’ could be the unit ? 

(a) Reluctance (6) Charge 

(c) Power ( d ) Energy 

1.42. All of the following are equivalent to 
watt except 

(а) (amperes) 2 ohm 

(б) joules/sec. (c) amperes x volts 

(d) amperes/volt 

1.43. A resistance having rating 10 ohms, 10 
W is likely to be a 

(a) metallic resistor 

(b) carbon resistor 

(c) wire wound resistor 

( d ) variable resistor 

1.44. Which one of the following does not 

have negative temperature co-efficient ? 
(a) Aluminium (b) Paper 

(c) Rubber (d) Mica 

1.45. Varistors are 

(а) insulators 

(б) non-linear resistors 

(c) carbon resistors 

(d) resistors with zero temperature co¬ 
efficient 

1.46. Insulating materials have the function 
of 

(а) preventing a short circuit between 
conducting wires 

(б) preventing an open circuit between 
the voltage source and the load 

(c) conducting very large currents 

(d) storing very high currents 

1.47. The rating of a fuse wire is always 
expressed in 

(a) ampere-hours (6) ampere-volts 
(c) kWh ( d) amperes 

1.48. The minimum charge on an ion is 

(a) equal to the atomic number of the 
atom 

(b) equal to the charge of an electron 

(c) equal to the charge of the number 
of electrons in an atom 

(d) zero 
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1.49. In a series circuit with unequal 
resistances 

(а) the highest resistance has the most 
of the current through it 

( б ) the lowest resistance has the 
highest voltage drop 

(c) the lowest resistance has the 
highest current 

(d) the highest resistance has the 
highest voltage drop 

1.50. The filament of an electric bulb is made 
of 

(a) carbon (b) aluminium 

(c) tungsten (d) nickel 

1.51. A3 Q resistor having 2 A current will 
dissipate the power of 

(a) 2 watts (b) 4 watts 

(c) 6 watts (d) 8 watts 

1.52. Which of the following statement is 
true ? 

(а) A galvanometer with low resistance 
in parallel is a voltmeter 

( б ) A galvanometer with high resis¬ 
tance in parallel is a voltmeter 

(c) A galvanometer with low resistance 
in series is an ammeter 

(d) A galvanometer with high resis¬ 
tance in series is an ammeter 

1.53. The resistance of a few metres of wire 
conductor in closed electrical circuit is 
(a) practically zero ( 6 ) low 

(c) high ( d ) very high 

1.54. If a parallel circuit is opened in the 
main line, the current 

(a) increases in the branch of the 
lowest resistance 

( b) increases in each branch 

(c) is zero in all branches 

(d) is zero in the highest resistive 
branch 

1.55. If a wire conductor of 0.2 ohm resis¬ 
tance is doubled in length, its resis¬ 
tance becomes 

(a) 0.4 ohm ( 6 ) 0.6 ohm 

(c) 0.8 ohm (d) 1.0 ohm 

1.56. Three 60 W bulbs are in parallel across 
the 60 V power line. If one bulb burns 
open 


Downloaded From : www.EasyEngineering.net 




Downloaded From : www.EasyEngineering.net 


1.12 

(а) there will be heavy current in the 
main line 

( б ) rest of the two bulbs will not light 

(c) all three bulbs will light 

(d) the other two bulbs will light 

1.57. The four bulbs of 40 W each are con¬ 
nected in series with a battery across 
them, which of the following statement 
is true ? 

(a) The current through each bulb in 
same 

(i b ) The voltage across each bulb is not 
same 

(c) The power dissipation in each bulb 
is not same 
{d) None of the above 

1.58. Two resistances Ri and R 2 are con¬ 
nected in series across the voltage 
source where R 2 > Ri. The largest drop 
will be across 

(a)fl 2 (b)Ri 

(c) either Ri or R 2 (< d ) none of them 

1.59. What will be energy used by the battery 
if the battery has to drive 6.28 x 10 18 
electrons with potential difference of 20 
V across the terminal ? 

(a) 5 joules (i>) 10 joules 

(c) 15 joules (d) 20 joules 

1.60. A closed switch has a resistance of 

(a) zero ( 6 ) about 50 ohms 

(c) about 500 ohms (d) infinity 

1.61. The hot resistance of the bulb’s fila¬ 
ment is higher than its cold resistance 
because the temperature co-efficient of 
the filament is 

(a) zero ( 6 ) negative 

(c) positive 

(d) about 2 ohms per degree 

1.62. Heat in a conductor is produced on the 
passage of electric current due to 

(a) reactance ( b ) capacitance 

(c) impedance (d) resistance 

1.63. The insulation on a current carrying 
conductor is provided 

(а) to prevent leakage of current 

( б ) to prevent shock 

(c) both of above factors 
id) none of above factors 
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1.64. The thickness of insulation provided on 
the conductor depends on 

(а) the magnitude of voltage on the con¬ 
ductor 

(б) the magnitude of current flowing 
through it 

(c) both (a) and (6) 

{d) none of the above 

1.65. Which of the following quantities 
remain the same in all parts of a series 
circuit ? 

(a) Voltage ( b ) Current 

(c) Power ( d ) Resistance 

1.66. In the circuit shown in Fig. 1.11 if the 
resistance of battery is zero and the 
resistance R is gradually increased, 
voltmeter reading will 



(а) decrease 

(б) increase 

(c) first increase and then decrease 

(d) remain same 

1.67. In the circuit shown in Fig. 1.11 if the 
battery has some finite resistance, 
voltmeter reading will 

(a) increase (6) decrease 

(c) first increase and then decrease 
0 d ) remain same 

1.68. A 40 W bulb is connected in series with 
a room heater. If now 40 W bulb is 
replaced by 100 W bulb, the heater 
output will 

(a) decrease ( b ) increase 

(c) remain same 

( 1 d ) heater will bum out 

1.69. A 500 W, 220 V bulb is supplied with 
110 V. Power consumption by the bulb 
will be 

(а) slightly less than 125 W 

(б) slightly greater than 125 W 
(c) exactly 125 W 

id) 250 W 
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1.70. In an electric kettle water boils in 10 
minutes. It is required to boil the boiler 
in 15 minutes, using same supply 
mains 

(а) length of heating element should be 
decreased 

(б) length of heating element should be 
increased 

(c) length of heating element has no 
effect on heating if water 

(d) none of the above 

1.71. An electric filament bulb can be worked 
from 

(a) D.C. supply only 

( b) A.C. supply only 

(c) Battery supply only 

(d) All above 

1.72. Resistance of a tungsten lamp . as 

applied voltage increases 

(a) decreases (6) increases 

(c) remains same 

( d) none of the above 

1.73. Electric current passing through the 
circuit produces 

(a) magnetic effect (6) luminous effect 
(c) thermal effect (d) chemical effect 

(e) all above effects 

1.74. Resistance of a material always 
decreases if 

(а) temperature of material is de¬ 
creased . ‘ «■ 

(б) temperature of material is in¬ 
creased^ 

(c) number of free electrons available 
become more 

{d) none of the above is correct 

1.75. If the efficiency of a machine is to be 
high, what should be low ? 

(а) Input power 

(б) Losses 

(c) True component of power 

(d) kWh consumed 

( e ) Ratio of output to input 

1.76. When electric current passes through a 
metallic conductor, its temperature 
rises. This is due to 

(a) collisions between conduction elect¬ 
rons and atoms 
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( 6 ) the release of conduction electrons 
from parent atoms 

(c) mutual collisions between metal 
atoms 

(d) mutual collisions between conduct¬ 
ing electrons 

1.77. Two bulbs of500 W and 200 W rated at 
250 V will have resistance ratio as 

(a) 4: 25 (5)25:4 

(c) 2 : 5 (d) 5 : 2 

1.78. A glass rod when rubbed with silk cloth 
is charged because 

(а) it takes in proton 

( б ) its atoms are removed 

(c) it gives away electrons 

(d) it gives away positive charge 

1.79. Whether circuit may be A.C. or D.C. 
one, following is most effective in reduc¬ 
ing the magnitude of the current. 

(a) Reactor ( 6 ) Capacitor 

(c) Inductor (d) Resistor 

1.80. It becomes more difficult to remove 

(а) any electron from the orbit 

( б ) first electron from the orbit 

(c) second electron from the orbit 

(d) third electron from the orbit 

1.81. When one leg of parallel circuit is 
opened out the total current will 

(a) reduce ( 6 ) increase 

(c) decrease (d) become zero 

1.82. In a lamp load when more than one 
lamp are switched on the total resis¬ 
tance of the load 

(a) increases ( 6 ) decreases 

(c) remains same 

(d) none of the above 

1.83. Two lamps 100 W and 40 W are con¬ 
nected in series across 230 V (alternat¬ 
ing). Which of the following statement 
is correct ? 

(а) 100 W lamp will glow brighter 

( б ) 40 W lamp will glow brighter 

(c) Both lamps will glow equally bright 

(d) 40 W lamp will fuse 

1.84. Resistance of 220 V, 100 W lamp will 
be 

(a) 4.84 Q ( 6 ) 48.4 £2 

(c) 484 0 (d)4840Q 
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1.85. In the case of direct current 

(а) magnitude and direction of current 
remains constant 

( б ) magnitude and direction of current 
changes with time 

(c) magnitude of current changes with 
time 

( d) magnitude of current remains con¬ 
stant 

1.86. When electric current passes through a 
bucket full of water, lot of bubbling is 
observed. This suggests that the type of 
supply is 

(a) A.C. ( b ) D.C. 

(c) any of above two 
{d) none of the above 

1.87. Resistance of carbon filament lamp. 

as the applied voltage increases. 

(a) increases ( 6 ) decreases 

(c) remains same 

( d ) none of the above 

1.88. Bulbs in street lighting are all con¬ 
nected in 

(a) parallel ( 6 ) series 

(c) series-parallel (d) end-to-end 

1.89. For testing appliances, the wattage of 
test lamp should be 

(a) very low (b) low 

(c) high (d) any value 

1.90. Switching of a lamp in house produces 
noise in the radio. This is because 
switching operation produces 

(a) arcs across separating contacts 
(i b ) mechanical noise of high intensity 

(c) both mechanical noise and arc be¬ 
tween contacts 

(d) none of the above 

1.91. Sparking occurs when a load is switched 
off because the circuit has high 

(a) resistance (b) inductance 

(c) capacitance {d) impedance 

1.92. Copper wire of certain length and resis¬ 
tance is drawn out to three times its 
length without change in volume, the 
new resistance of wire becomes 

(a) 1/9 times ( 6 ) 3 times 

(c) 9 times (d) unchanged 
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1.93. When resistance element of a heater 
fuses and then we reconnect it after 
removing a portion of it, the power of 
the heater will 

(a) decrease ( 6 ) increase 

(c) remain constant 

(d) none of the above 

1.94. A field of force can exist only between 
(a) two molecules ( 6 ) two ions 

(c) two atoms 

(d) two metal particles 

1 .95. A substance whose molecules consist o 
dissimilar atoms is called 

(a) semi-conductor (b) super-conducto 
(c) compound (d) insulator 

1.96. 1 microvolt is 

(a) 1 x 1 (T 3 V (b) 1 x KT 4 V 

(c) 1 x io - 5 V (d) 1 x 1CT 6 V 

1.97. Which of the following could be tl it 
value of resistivity of copper ? 

(a) 1.72 x 10 -4 Q-m ( b) 1.72 x 10 -5 Q-m 
(c) 1.72 x lCT 6 Q-m (d) 1.72 x 1CT 8 Q-m 

1.98. International ohm is defined in terms 
of the resistance of 

(а) a column of mercury 

( б ) a cube of carbon 

(c) a cube of copper 

(d) the unit length of wire 

1.99. Three identical resistors are first con¬ 
nected in parallel and then in series. 
The resultant resistance of the first 
combination to the second will be 

(a) 9 times ( 6 ) 1/9 times 

(c) 1/3 times (d) 3 times 

1.100. Which of the following relation is incor¬ 
rect ? 

(a) P-VI (b)P= I 2 R 

V V 2 

(c) p = (d)P = ir 

R 2 P 

1.101. Which method can be used for absolute 
measurement of resistances ? 

(а) Lorentz method 

( б ) Releigh method 

(c) Ohm’s law method 

(d) Wheatstone bridge method 

1.102. The equivalent resistance between L 
and M of the circuit shown in Fig. 1.12 
is 
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14 Si 



Fig . 1.12 

(a) 10 Q (b) 30 Q 

(c) 50 Q (d) 70 Q 

1.103. Three 6 ohm resistors are connected to 
form a triangle. What is the resistance 
between any two corners ? 

(a) 3/2 Q (b) 6 Q 

(c) 4 Q (d) 8/3 Q 

1.104. Ohm’s law is not applicable to 

(а) semi-conductors 

(б) D.C. circuits 

(c) small resistors (d) high currents 

1.105. Specific resistance of a substance is 
measured in 

(a) Q/m (b) £2/m 2 

(c) Q-m (d) m/Q, 

1.106. Two copper conductors have equal 
length. The cross-sectional area of one 
conductor is four times that of the 
other. If the conductor having smaller 
cross-sectional area has a resistance of 
40 ohms the resistance of other conduc¬ 
tor will be 

(a) 160 ohms ( b ) 80 ohms 

(c) 20 ohms (d) 10 ohms 

1.107. A nichrome wire used as a heater coil has 
the resistance of 2 Q/m. For a heater of 
1 kW at 200 V, the length of wire re¬ 
quired will be i 

(a) 80 m (b) 60 m 

(c) 40 m (d) 20 m 

1.108. Temperature co-efficient of resistance 
is expressed in terms of 

(a) ohms/°C (6) mhos/ohm°C 

(c) ohms/ohm°C (d) mhos/°C 

1.109. Which of the following materials has 
the least resistivity ? 

(a) Zinc (b) Lead 

(c) Mercury {d) Copper 


1.110. According to the fuse law, the current 
carrying capacity varies as 

(a) —^-o (&) T 1 I 

(diameter) z diameter 

(c) diameter (d) (diameter ) 372 

1.111. Which of the following lamps will have 
least resistance at room temperature ? 
(a) 25 W, 220 V ( 6 ) 100 W, 220 V 
(c) 200 W, 220 V id) 60 W, 220 V 

1.112. Which resistor will be physically larger 
in size ? 

(a) 100 Q, 10 W ( 6 ) 10 Q, 50 W 
(c) 1 M£ 2 , j W (d) 1 kQ, 1 W 

1.113. When current flows through heater coil 
it glows but supply wiring does not glow 
because 

(a) current through supply line flows at 
slower speed 

(b) supply wiring is covered with in¬ 
sulation layer 

(c) resistance of heater coil is more 
than the supply wires 

(d) supply wires are made of superior 
material 

1.114. The condition for the validity under 
Ohm’s law is that 

(а) resistance must be uniform 

( б ) current should be proportional to 
the size of the resistance 

(c) resistance must be wire wound type 

(d) temperature at positive end should 
be more than the temperature at 
negative end 

1.115. Which of the following statement is 
correct ? 

(a) A semi-conductor is a material 
whose conductivity is same as be¬ 
tween that of a conductor and an 
insulator 

(b) A semi-conductor is a material 
which has conductivity having 
average value of conductivity of 
metal and insulator 

(c) A semi-conductor is one which con¬ 
ducts only half of the applied volt¬ 
age 
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(d) A semi-conductor is a material made 
of alternate layers of conducting 
material and insulator 

1.116. A rheostat differs from potentiometer 
in the respect that it 

(a) has lower wattage rating 

(b) has higher wattage rating 

(c) has large number of turns 

(i d ) offers large number of tappings 

1.117. The weight of an aluminium conductor 
as compared to a copper conductor of 
identical cross-section, for the same 
electrical resistance, is 

(a) 50% (b) 60% 

(c) 100% (d) 150% 

1.118. An open resistor, when checked with an 
ohm-meter reads 

(a) zero (6) infinite 

(c) high but within tolerance 
- (d) low but not zero 

1.119. ... ... are the materials having electrical 
conductivity much less than most of the 
metals but much greater than that of 
typical insulators. 

(a) Varistors ( b) Thermistor 

(c) Semi-conductors 

(d) Variable resistors 

1.120. All good conductors have high 

(a) conductance (6) resistance 

(c) reluctance 

(d) thermal conductivity 

1.121. Voltage dependent resistors are usual¬ 
ly made from 

(a) charcoal (6) silicon carbide 

(c) nichrome (d) graphite 

1.122. Voltage dependent resistors are used 

(а) for inductive circuits 

(б) to supress surges 

(c) as heating elements 

(d) as current stabilizers 

1.123. The ratio of mass of proton to that of 
electron is nearly 

(a) 1840 (b) 1840 

(c) 30 (d)_ 4 

1.124. The number of electrons in the outer¬ 
most orbit of carbon atom is 

(a) 3 (b) 4 

(c) 6 (d) 7 


1.125. With three resistances connected in 

i 

parallel, if each dissipates *20 W the 
total power supplied by the voltage 
source equals 

(a) 10 W (6) 20 W 

(c) 40 W (d) 60 W 

1.126. Three conductances in parallel have 
the values G\ = 2000 |x mho, G 2 = 3000 

mho and G 3 = 4000 [x mho. The total 
conductance will be 
(a) 6000 ^x mho (b) 7000 \i mho 
(c) 9000 [X mho (d) 10000 mho 

1.127. A thermistor has 

(а) positive temperature coefficient 

(б) negative temperature coefficient 

(c) zero temperature coefficient 

(d) variable temperature coefficient 

1.128. If/, R and t are the current, resistance 
and time respectively, then according 
to Joule’s law heat produced will be 
proportional to 

(a) I 2 Rt (b) I 2 Ri 2 

(c) I 2 R 2 t (d) J 2 fl¥ 

1.129. Nichrome wire is an alloy of 

(а) lead and zinc 

(б) chromium and vanadium 

(c) nickel and chromium 

(d) copper and silver 

1.130. When a voltage of one volt is applied, a 
circuit allows one microampere current 
to flow through it. The conductance of 
the circuit is 

(a) 1 ji-mho (6) 10 6 mho 

(c) 1 milli-mho 

(d) none of the above 

1.131. Which of the following can have nega¬ 
tive temperature coefficient ? 

(а) Compounds of silver 

(б) Liquid metals 

(c) Metallic alloys (d) Electrolytes 

1.132. Conductance : mho :: 

(а) resistance : ohm 

(б) capacitance : henry 

(c) inductance : farad 

(d) lumen : steradian 

1.133. 1 angstrom is equal to 

(a) 10 -8 mm (b) 1CT 6 cm 

(c) 1CT 10 m (d) 1CT 14 m 
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1.134. One newton metre is same as 

(a) one watt ( b ) one joule 

j ^c) five joules (d) one joule second 

B: Fill in the Blanks/Say ‘Yes' or 'No’ ‘ 

1.135. The smallest particle of an element 

which takes part in chemical reaction 
is known as. 

1.136. All matter is composed of. 

1.137. To be conductor, the substance must 

contain some.electrons. 

1.138. Conductivity depends on the number of 

electrons. (Yes/No) 

1.139. The energy level of an electron decreases 

as its distance from the nucleus in¬ 
creases. (Yes/No) 

1.140. An electron in the second orbit posses¬ 
ses . energy than electron in the 

second orbit. 

1.141. Atoms with fewer than four valence 

electrons are.conductors. 

1.142. Atoms with more than four valence 

electrons are.conductors. 

1.143. Atoms with four valence electrons are 

1.144. Mass of an electron =.kg. 

1.145. Mass of an electron is approximately 
equal to 1/1000 mass of proton. 

(Yes/No) 

1.146. Diameter of an electron ~ 1CT 15 m. 

(Yes/No) 

1.147. Mass of a proton =.. kg. 

1.148. When an electron is removed from a 

neutral atom, this atom becomes posi¬ 
tively charged and is called a. 

1.149. The controlled movement of electrons 

through a substance is called. 

1.150. Current is the mat at which electrons 

move. (Yes/No) 

1.151. force is the force that causes a 

current of electricity to flow. 

1.152. The.is a unit of potential difference 

and electromotive force. 

1.153. Electron volt is a unit in terms of which 

the energies of atomic particles are ex¬ 
pressed. (Yes/No) 
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1.154. The opposition to flow of electrons is 

called. 

1.155. The practical unit of electric resistance 

is mho. (Yes/No) 

1.156.of a material may be defined as the 

resistance between the opposite faces 
of a metre cube of that material. 

1.157. The reciprocal of specific resistance of 

a material is called its. 

1.158. The unit of conductivity is ohm/metre. 

(Yes/No) 

1.159. The resistance of metal conductors in¬ 
creases with rise of temperature. 

(Yes/No) 

1.160. The resistance of semi-conductors and 

all electrolytes.as the temperature 

rises. (Yes/No) 

1.161. A linear resistor is one which Obey’s 
.law. 

1.162. At very low temperature, some metals 

acquire zero electrical resistance and 
zero magnetic induction ; the property 
known as. 

1.163. resistor is the simplest type of 

resistor and its value is constant and 
un- changeable. 

1.164. A variable resistor is commonly called 

a control. (Yes/No) 

1.165. The most common type of special resis¬ 
tor is the fusible type. (Yes/No) 

1.166. In a series combination of resistors, the 

current flowing through each resistor 
is different. (Yes/No) 

1.167. The resistivity of pure semi-conductors 
is of the order of 1 ohm-metre. 

(Yes/No) 

1.168. The symbol marked R8 represents a 
.resistor. 

1.169. The part represented by the symbol 

n marked R1 is a.resistor. 
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1.18 

1.170. List the colour bands that would be 
found on the part represented by the 
symbol marked RIO. List the colours in 

the order they would be read.,. 

and. 

1.171. List the colour of the bands that would 

be found on the part represented by the 
symbol marked R14.,.and. 

1.172. When a piece of amber is rubbed, light 

objects such as lint or chaff are at¬ 
tracted to it by a force called. 

1.173. Wire wound resistors can be made even 

upto a fraction of ohm. (Yes/No) 

1.174. Power rating largely depends on the 
^ physical size of the resistor. (Yes/No) 

1.175. Higher wattage resistors cannot operate 

at higher temperatures. (Yes/No) 

1.176. Static charge of several thousand volts 

is generated on a person walking on. 

floor. 

1.177. In electrostatic copier, printed matter 

is reproduced because ink is.to the 

paper by the static charges. 

1.178. When battery terminals are joined by 

wire, electrons flow in wire towards. 

terminal of the battery. 

1.179. When electrons move in a conductor, 

there is . distance between 

electrons. 

1.180. Velocity of electron flow through a con¬ 
ductor is.that of light. 

1.181. While selecting resistors for any par¬ 

ticular application, following two fac¬ 
tors are to be considered namely . 

and. 

1.182. Elements of electric heater and fila¬ 
ment lamp are made of high resistivity 

materials. This is done to . the 

length of filament. 

1.183. In a parallel circuit,.is the same in 

or across each resistance. 

1.184. An electric bulb which is used on A.C. 

supply .be used on D.C. supply. 

1.185. Two heater coils of same material are 
connected in parallel across the supply. 


ELECITCAL ENGINEERING (OBJECTIVE TYPE) 

Coil A has diameter and length double 

that of coil B. Coil . will produce 

more heat. 

1.186. Current flow which does not change 

direction is called. 

1.187. When a coulomb of electrons moves 
past a point in a electric circuit in one 

second, we say one.current flows in 

the circuit. 

1.188. 6.242 x 10 -18 electrons constitute one 

coulomb. (Yes/No) 

1.189. Positive charged body is rich in 

electrons. (Yes/No) 

1.190. 60 W, 230 V has less resistance as 
compared to 60 W, 250 V lamp. 

(Yes/No) 

1.191. Resistance of carbon increases with in¬ 
crease in temperature. (Yes/No) 

1.192. Conventional current flows from + ve to 

— ve where electron drift is from — ve to 
+ ve. (Yes/No) 

1.193. Conducting materials have less num¬ 

ber of free electrons at room tempera¬ 
ture and insulating materials have 
more number of free electrons at room 
temperature. (Yes/No) 

1.194. For the same dimensions of a conduc¬ 
tor, its resistance depends upon the. 

of the material. 

1.195. Unit of electric power is kWh and that 
of electrical energy is kW. (Yes/No) 

1.196. Opposition to the flow of direct current 

is termed as . and its unit is . 

whose symbol is. 

1.197. Equivalent resistance of 3 branches in 

parallel, each having a resistance of R 
omhs =. 

1.198. Household appliances such as kettle, 

heater, fan, refrigerator require . 

phase supply. 

1.199. The combined resistance of a number 

of resistors connected in parallel will 
have resistance less than the smaller 
resistor in the circuit (Yes/No) 

1.200. A battery with higher internal resis¬ 
tance is preferable. (Yes/No) 
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CURRENT ELECTRICITY 

1.201. 1 ohm 55 W resistor will occupy more 

space as compared to 55 ohm 1W resis¬ 
tor. (Yes/No) 


1.19 

1.202. Electric resistance pyrometer is used to 
measure temperature above 1500°C. 

(Yes/No) 


ANSWERS 

(Current Electricity) 


A. Choose the Correct Answer 


1.1. (a) 

1.2. (d) 

1.3. (a) 

1.4. (c) 

1.5. (d) 

1.6. (c) 

1.7. id) 

1.8. (b) 

1 . 9 . (by 

1.10. (c) 

1.11. (e) 

1.12. (d) 

1.13. (6) 

1.14. (d) 

1.15. (c) 

1.16. (a) 

1.17. ( b ) 

1.18. (a) 

1.19. (a) 

1.20. (c) 

1.21. (a) 

1.22. {d) 

1.23. (a) 

1.24. (c) 

1.25. (d) 

1.26. (c) 

1.27. (b) 

1.28. (c) 

1.29. (b) 

1.30. (d) 

1.31. (b) 

1.32. (c) 

1.33. (a) 

1.34. ( b ) 

1.35. (a) 

1.36. (d) 

1.37. (6) 

1.38. (c) 

1.39. (a) 

1.40. (6) 

1.41. (b ) 

1.42. (d) 

1.43. (e) 

1.44. (a) 

1.45. ( b ) 

1.46. (a) 

1.47. (d) 

1.48. (6) 

1.49. (d) 

1.50. (c) 

1.51. (c) 

1.52. (c) 

1.53. (a) 

1.54. (c) 

1.55. (a) 

1.56. {d) 

1.57. (a) 

1.58. (a) 

1.59. (d) 

1.60. (a) 

1.61. (c) 

1.62. {d) 

1.63. (c) 

1.64. (a) 

1.65. (b) 

1.66. ( d. ') 

1.67. (a) 

1.68. (6) 

1.69. (6) 

1.70. (a) 

1.71. ( d ) 

1.72. (6) 

1.73. (e) 

1.74. (c) 

1.75. (6) 

1.76. (a) 

1.77. (c) 

1.78. (c) 

1.79. (d) 

1 . 80 . (d) 

1.81. (c) 

1.82. (6) 

1.83. ( b ) 

1.84. (c) 

1.85. (a) 

1.86. (b) 

1.87. ( b) 

1.88. (a) 

1.89. (c) 

1.90. (a) 

1.91. (6) 

1.92. (c) 

1.93. ( b) 

1.94. (b) 

1.95. (e) 

1.96. (d) 

1.97. (d) 

1.98. (a) 

1.99. (b) 

1.100. (c) 

1.101. {d) 

1.102. (a) 

1.103. (c) 

1.104. (a) 

1.105. (c) 

1.106. (d) 

1.107. (a) 

1.108. (c) 

1.109. (d) 

1.110. (d) 

1.111. (c) 

1.112. (6) 

1.113. (c) 

1.114. (a) 

1.115. (a) 

1.116. (b) 

1.117. (a) 

1.118. (6) 

1.119. (c) 

1.120. (a) 

1.121. (c) 

1.122. ( b) 

1.123. (a) 

1.124. (b) 

1.125. (d) 

1.126. (c) 

1.127. ( b) 

1.128. (a) 

1.129. (c) 

1.130. (a) 

1.131. (d) 

1.132. (a) 

1.133. (c) 

1.134. (b) 


B. Fill in the Blanks/Say Tes’ or 

‘No’ : 



1.135. atom 


1.136. atoms 


1.137. mobile 

1.138. Yes 


1.139. No 


1.140. more 

1.141. good 


1.142. poor 


1.143. semi-con 

1.144. 9.11 x IQ- 31 


1.145. No 


1.146. Yes 
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1-20 ELECTICAL ENGINEERING (OBJECTIVE TYPE) 


1.147. 1.67 x. 10" 27 

1.148. positive ion 

1.149. current 

1.150. Yes 

1.151. Electromotive 

1.152. volt 

1.153. Yes 

1.154. electrical resistance 

1.155. No 

1.156. Resistivity 

1.157. conductivity 

1.158. No 

1.159. Yes 

1.160. decreases 

1.161. Ohm’s 

1.162. super-conductivity 

1.163. Fixed 

1.164. Yes 

1.165. Yes 

1.166. No 

1.167. Yes 

1.168. fixed 

1.169. variable 

1.170. grey, red, orange 

1.171. yellow, violet, red 

1.172. static electricity 

1.173. Yes 

1.174. Yes 

1.175. No 

1.176. carpeted 

1.177. attracted 

1.178. positive 

1.179. some 

1.180. less than 

1.181. resistance values and wattage dissipation 

1.182. reduce 

1.183. voltage 

1.184. can 

1.185. A 

1.186. D.C. 

1.187. ampere 

1.188. Yes 

1.189. No 

1.190. Yes 

1.191. No 

1.192. Yes 

1.193. No 

1.194. resistivity 

1.195. No 

1.196. resistance, ohm, Q 

1.197. f 

1.198. single 

1.199. Yes 

1.200. No 

1.201. Yes 

1.202. No. 


□ □ 
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Network Theorems 


2.1. DEFINITIONS OF IMPORTANT TERMS 

1. Circuit. A conducting path through which an electric current either flows or is intended to 
flow is called a circuit. The various elements of an electric circuit are called parameters (e.g. 
resistance, inductance and capacitance). These parameters may be distributed or lumped. 

2. Linear Circuit. The circuit whose parameters are constant (i.e., they do not change with 
voltage or current) is called a linear circuit . 

3. Non-linear Circuit. The circuit whose parameters change with voltage or current is called 
a non-linear circuit. 

4. Unilateral Circuit. A unilateral circuit is one whose properties or characteristics change 
with the direction of its operation {e.g. diode rectifier). 

5. Bilateral Circuit. It is that circuit whose properties or characteristics are same in either 
direction (e.g. transmission line). 

6. Electric Network. An electric network arises when a number of parameters or electric 
elements co-exist or combine in any manner or arrangement. 

7. Active Network. An active network is one which contains one or more than one sources of 

e.m.f. 

8. Passive Network. A passive network is one which does not contain any source of e.m.f. 

9. Node. A node is junction in a circuit where two or more circuit elements are connected 
together. 

10. Branch. The part of a network which lies between two junctions in called branch. 

2.2. KIRCHHOFF’S LAWS 

For complex circuit computations, the following two laws first stated by Gutsav R. Kirchhoff 
(1824-1887) are indispensable. 

First Law (Point or Current Law). It states as follows : 

“The sum of the currents entering a junction is equal to the sum of the currents leaving the 
junction”. 

i.e., 2 Currents entering = 2 currents leaving. 

Second Law (Mesh or Voltage Law). It states as follows : 

“The sum of e.m..fs. (rise ofpotential) around any closed loop of a circuit equals the sum of the 
potential drops in that loop”. 

2.1 


Downloaded From : www.EasyEngineering.net 





Downloaded From : www.EasyEngineering.net 


2.2 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


Considering a rise of potential as positive (+ve) and a drop of potential as negative 
(- ve), th e algebraic sum of potential differences (voltages) around a closed loop of a-dxcuit is zero 
2 E - 2 IR drops = 0 (around closed loop) 

i.e. XE = XIR ...[2.1(a)] 

or 2 Potential rises = 2 potential drops ...[2.1 (fo)] 

Applications of Kirchhoff s Laws 

Kirchhoff s laws may be employed in the following methods of solving networks : 

1. Branch-current method. 

2. Maxwell’s loop (or mesh) current method. 

3. Nodal voltage method. 

Example 2.1. (Branch-current method). Determine the current in each of the resistors of 
the network shown in the Fig. 2.1. 

Solution. Let the current division be as shown in Fig. 


2 . 1 . 




or 


or 


or 


Applying Kirchhoff s law to the various circuits : 
Circuit ABDA: 

- 3 /x - 8/ 3 + 4 / 2=0 

3/i - 4J 2 + 8/3 = 0 ...(0 

Circuit BCDB : 

— 5 (/1 —/ 3 ) + 2 (/ 2 + 13) + 8/3 = 0 

5/i - 2/ 2 - 15/3 = 0 ...(ii) 

Circuit ADCEA: 

- 4/ 2 - 2 (/ 2 + / 3 ) + 2 = 0 

3/ 2 + I 3 = 1 ...( Hi ) 

On solving Eqns. (i), (ii) and (iii), we get 

Ii = 0.283 A, I 2 = 0.316 A, I 3 = 0.052 A. Ans. 



<vv 


Fig. 2.1 


Example 2.2. (Maxwell’s loop current method). Determine the currents through various 
resistors of the circuit shown in Fig. 2.2 using the concept of mesh currents. 

Solution. Since there are two meshes, let the - ^ ^ ^ ^ ^ 

loop currents be as shown in Fig. 2.2. -www—-t-A/vwvw 

Applying Kirchhoff s law to loop 1, we get 
24-4/ 1 -2(/ 1 — / 2 ) = 0 


N 


or 


or 


3/i—/ 2 = 12 ...(i) 

For loop 2, we have 

- 2 (/ 2 — If) — 6I 2 - 12 = 0 
/i-4/ 2 = 6 

Solving (i) and (ii), we get 

r 42 a r 6 A 

h n A h- n A 

42 

Hence current through 4 Q resistor = — A (from L to M). Ans. 


”2W Q >20. 'J) --12V 


P 

Fig. 2.2 
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g 

Current through 6 Q resistor = — A (from N to M). Ans. 

42 48 

Current through 2 Q resistor = — - 6/11) = — A (from M to P). Ans. 


2.3. SUPERPOSITION THEOREM 


This theorem is sometimes useful in solution of networks in which some branches may contain 
sources ofe.m.f It is applicable only to linear networks where current is linearly related to voltage as 
per Ohm's law . 

This theorem may be stated as follows : 

“In any network containing more than one sources ofe.m.f ! the current in any branch is the 
algebraic sum of a number of individual fictitious currents (the number being equal to the number of 
sources ofe.m.f), each of which is due to the separate action of each source ofe.m.f., taken in order, 
when the remaining sources ofe.m.f. are replaced by conductors, the resistances of which are equal to 
the internal resistances of the respective sources ”. 

The procedure of applying superposition theorem is as follows : 

1. Replace all but one of the sources by their internal resistances. If the internal resistance of 
any source is small as compared to the other resistances present in the network, the source is replaced 
by a short circuit. 

2. Find the currents in different branches by using Ohm’s law. 

3. Repeat the process using each of the e.m.fs. as the sole e.m.f. each time. 

The total current in any branch of the circuit is the algebraic sum of currents due to each 

source. 


Example 2.3. By using Superposition Theorem find the currents in the different branches of 
the network shown in Fig. 2.3. 

Solution. Ii = ?, I 2 = ?, I = ? 

First Step : Take e.m.f. Ei only and replace e.m.f. E 2 
by its zero internal resistance, the circuit is shown in Fig. 2.4. 

10 x 12 

Total resistance = 8 + ——— = 13.45 Q 
10 + 12 

Current thought 8 Q resistance, 

20 


h' = 


1.487 A 



13.45 

Current through 10 Q resistance, 


Fig. 2.3 



= 1.487 x 


12 

12+10 


0.81 A 


Current through 6 Q resistance, 


r 


= 1.487 x 


10 

12+10 


= 0.675 A 


Second Step : E.m.f. E x is removed/short circuited 
and currents due to e.m.f. E 2 are found. The circuit is shown 
in the Fig. 2.5. 

Total resistance = 10 + x ~ = 14.8 Q 
12 + 8 



Fig. 2.4 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


Current 


Current 


through 10 Q resistance, 

, ii 28 


14.8 


= 1.892 A 


through 8 Q resistance, 


Ii " = 1.892 x 


12 


12 + 8 


= 1.135 A 


Current through 12 Q resistance, 

I” = 1.892 x —-r- = 0.757 A 

12 + O 


Fig. 2.5 


The total currents in different branches are : 

Current through 8 Q resistance, 

11 = J x ' - " = 1.487 - 1.135 = 0.352 A (From L to M). Ans. 

Current through 10 Q resistance, 

12 = h " ~h ' - 1-892 - 0.81 = 1.082 A (From N to M). Ans. 
Current through 12 Q resistance, 

/ = /'+/" = 0.675 + 0.757 = 1.432 A (From M to Q). Ans. 



e 2 


2.4. THEVENIN’S THEOREM 

This theorem is quite useful when the current in one branch of a network is to be determined 
or when the current in an added branch is to be calculated. 

“It states that for the purpose of determining the current in a resistor Rl, connected across two 
terminals of a network which contains sources ofe>m.f. and resistors, the network can he replaced by 
a single source ofe.m.f and a series resistor, R t ^ This e.m.f E^, is equal to potential difference between 
the terminals of the network when the resistor, R, is removed : the resistance of series resistor, R t h, is 
equal to the equivalent resistance of the network with the resistor , R , removed (or, as it is sometimes 
called, “the resistance of the network when viewed from the terminals under consideration”). 



Fig . 2.6 
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2.5 


Hence, 


+ Rth 


...( 2 . 2 ) 


The procedure is outlined in Fig. 2.6. 

Example 2.4. With reference to the network shown in Fig ; 2.7, by using Thevenin’s Theorem 
find the following 


(i) The equivalent e.m.f. of the network when viewed from terminals L and M. 

( ii ) The equivalent resistance of the network when looked into from terminals L and M. 

(iii) Current in the load resistance of% OQ. 

Solution. (i) Equivalent e.m.f. of the network = ? 

Refer Fig. 2.7. 



M 


Fig. 2.8 


Fig. 2.7 


Current in the network before load resistance (Rf) is connected 


Voltage across terminals LM , 

= E th = 24 x 1.5 = 36 V (see Fig. 2.8) 

Hence, so far as terminals L and M are connected, the network has an e.m.f. of 36 V (and not 
48 V). Ans. 

(ii) Equivalent resistance of the network = ? 

There are two parallel path between points L and M. Imagine that battery of 48 V is removed 
but not its internal resistance. Then, resistance of the circuit as looked into from points L and M is 
(see Fig. 2.9). 



= 6 Q. Ans. 




Fig. 2.9 


Fig. 2.10 
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(tit) Current in Rl> I = ? 
Refer Fig. 2.10. 


Eth _ 36 

Rth + Rl 6 + 30 


= 1 A. Ans. 


2.5. NORTON’S THEOREM 

Whereas Thevenin’s theorem was used to simplify a network to a constant-voltage voltage 
source and a series resistance, Norton’s theorem can be used to resolved a network into a constant- 
current current source and a parallel resistance. The interchange of voltage sources and current 
sources by use of Thevenin’s and Norton’s theorems is sometimes useful in circuit analysis. 

The theorem may be stated as follows : 

“Any two-terminal linear network containing independent voltage and current sources may be 
replaced by an equivalent current I w in parallel with a resistance Rn where /jv is the short circuit 
current at network terminals and R N is the equivalent resistance of network as seen from the terminals 
but with all voltage sources short circuited and all current sources open circuited 

The following procedure may be adopted to determine the Norton’s equivalent circuit: 

1. Calculate the short circuit current (I#) at the network terminals. 

2. Redraw the network with each voltage source replaced by a short circuit in series with its 
internal resistance and each current source by an open circuit in parallel with its internal resistance. 

3. Calculate the resistance (R N ) of the redrawn network as seen from the network terminals. 
(The resistance R^ is the same value as used in Thevenin’s equivalent circuit). 

Example 2.5. By using Norton y s theorem find the current in the 12 Q resistance of the circuit 
shown in Fig. 2.11. 



Fig. 2.11 

Solution. 

— With 12 Q resistance removed and terminals L-M short circuited, short circuit current, 

1 N - 2.5 A 
8 

— With 20 V battery replaced by a short circuit, the 
resistance of the network as seen from terminals 
L and M is 


p 8(10+14) 
N 8 7 (10 + 14) 


6Q 


— The Norton’s equivalent circuit is shown in Fig. 
2 .12. The current through 12 Q resistance is 
6 



/= 2.5 x 


6 + 12 


= 0.833 A. Ans. 


Fig. 2.12 


12XX 
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2.6. MAXIMUM POWER TRANSFER THEOREM 


This theorem is particularly useful for analysing communication networks. It is stated ai 
follows : 

“Maximum power output is obtained from a network when the load resistance is equal to th( 
ou tput resistance of the network as seen from the terminals of the load”. 

Any network can be converted into a single voltage source by the use of Thevenin’s theorem 
(Fig. 2.13). The maximum power transfer theorem aims at finding R L such that the power dissipated 
in iHi is maximum 

P = I 2 Rl r 

„ 2 R tn I 

Eth 


Rth + Rl 
dP „ 


Rl 


For P to be maximum, , n 
a«L 

Differentiating eqn. (2.3), we have 

dP E£ [(R th + R l ) 2 - 2 R l (R th + R l )] 



Rl 


dR h 


c Ra+Rl r 


Ei wRth + Rif - 2 R l (R th + R l )] 


From which 


(Rth + Rl) 

Rl = Rth 


= 0 


...(2.4) 


It is work noting that under these conditions the voltage across the load is half the open-circuit 
voltage at the terminals L and M. 

. 2 


Maximum power, P n 


Rth 


(Rl + Rl) 


Rl = 


Ett 

4 R l 


...(2.4 a) 


The process of adjusting the load resistance for maximum power transfer is called load, 
matching . This is done in the following typical cases : 

(i) Motor cars —here starter motor is matched to the battery. 

(ii) Telephone lines and T. V. aerial leads —these are matched to the telephone instrument and 
T.V. receiver respectively. 

Example 2.6. For the circuit shown in Fig. 2.14, find the current through Rl when it takes on 
values of 5 Q and 25 Q. Also, calculate the value of for which the power dissipated in it would, be 
maximum and find this power. 

Solution. 


— The open circuit voltage V oc (also called Th even in’s voltage E t f) which appears across 
terminals L and M is equal to the voltage drop across 10 Q resistance. 

60 

Current flowing through the circuit EPQ = 2 q + iq = 2 A 

.'. Voltage drop over 10 Q resistance = 2 x 10 = 20V 
Hence = E th = 20 V 
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— The resistance of the circuit as looked into the network from points L and M (when battery 
has been removed), 

R = R th = 30 + 10 || 20 = 30 + = 36,67 Q 

The whole circuit up to LM can now be replaced by a single source of e.m.f. and single resistance 
as shown in Fig. 2.15. 

(OWhenS^Q, 0.48A. Ans. 


(ii) When Ri = 25 Q, 


/ = 


20 

36.67 + 25 


0.324 A. Ans. 


— According to the Maximum Power Transfer theorem, power drawn by R L would be 
maximum when = R( or when Ri = 36.67 Q 
Maximum power drawn by Ri 



E'th 

Rth + Rl 



( Eth \ 2 E th 2 
-\Rl + Rl l ~ ±Rl 


20 2 

4 x 36.67 


= 2.72 W. Ans. 


(’•' Rth = Rl) 


2.7. DELTA STAR TRANSFORMATION 


When, networks having a large number of branches are to be solved by the use of KirchhofFs 
law, a great difficulty is experienced in solving several simultaneous equations. Such complicated 
networks, however, can be simplified by successively replacing delta,meshes by equivalent star 
systems and vice versa. 



1 
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2.9 


Consider the two circuits shown in the Fig. 2.16 and 2.17. They will be equivalent if the 
resistance measured between any two of the terminals 1, 2 and 3 is the same in the two cases. 



[#i2]y = U?i2]a ■ 

...(2.5) 

or 

D D #12 (#23 + #3l) 

#i + #2 _ R ]2 + #23 + #31 

...(2.6) 

Similarly 

D D #23 (#31 + #12) 

#2 + #3 - R ]2 + R 23 + #31 

...(2.7) 

and 

D „ #31 (#12 + #23) 

31 '#12 + #23 +#31 

...(2.8) 


Solving eqns. (2.6), (2.7) and (2.8) simultaneously, we get 


#12 #31 

1 i?i2 + #23 + #31 

...(2.9) 

#23 #12 

“ 2_ # 12 + #23+#31 

...(2.10) 

# 31 #23 

3 #12 + #23 + #31 

..(2.11) 


From above it may be noted that resistance of each arm of the star is given by the product of 
the resistance of the two delta sides that meet at its end divided by the sum of the three delta resistances. 

From eqns. (2.6) to (2.8), eqns. for star to delta conversion can also be obtained. These are as 
follows : 


#12 = 
#23 = 


#1 #2 + #2 #3 + #3 #1 
#3 

#1 #2 **■ #2 #3 #3 #1 

Ri 


#31 = 


R\ Jf?2 + #2 #3 + #3 #1 
#2 


...( 2 . 12 ) 

...(2.13) 

...(2.14) 


In electronics, star and delta circuits are generally referred to as T and x circuits respectively. 


Example 2.7. Fig . 2.18 shows a number of resistances connected in delta and star . Using 
star/delta conversion method compute the network resistance measured between (i) L and M, (ii) M 
and N, and (iii) N and L. 


Solution. 

— Three resistances 12 Q, 6 Q and 8 Q are star con¬ 
nected. Transform them into delta with ends at the 
same points as/before. 

Refer Fig. 2.19. 

Ri 1?2 + #2 #3 + #3 #1 

R ' 2 ’-. - ^3 - 

_ 12x6 + 6x8 + 8x 12 

8 

= 27 Q 


L 
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Fig. 2.19 


i?23 = 


i?l i?2 + R 2 R 3 + ^3 Rl 

~ rT 


12x6 + 6x8 + 8x12 
12 


= 18 Q 


Similarly R 31 = 12 * 6 + 6 * 8 + 8 x — = 36 Q. 

— Fig. 2.20 shows this transformed circuit connected to original delta connected resistances 
in the circuit 18 Q, 3 Q, and 2 Q. 

Here 18 Q and 36 Q are in parallel, 

3 Q and 27 Q are in parallel, and 
2 Q and 18 Q are in parallel. 


L 



Fig. 2.20 


u 



These resistances are equivalent to : 

18x36 3x27 


18 + 36 

This is shown in Fig. 2.21. 


12 Q, 


3 + 27 


= 2.7 Q and 


2x18 
2 + 18 


= 1.8 Q 


(i) Resistance between L and M, 


B 12 x (2,7 + 1.8) 
m 12 + (2.7 + 1.8) 
(ii) Resistance between M and N, 


3.27 Q. Ans. 


„ 1.8 x (12+ 2.7) 

Kmn “ 1.8 + (12 + 2.7) 


1.6 Q. Ans. 
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(iii) Resistance between AT and L , 


2.7 x (12+ 1,8) 
Knl " 2.7 + (12 + 1.8) 


= 2.25 Q. 


Ans. 


2.8. COMPENSATION THEOREM 

The compensation theorem is particularly useful for the following purposes : 

(i) To calculate the sensitivity of a bridge network. 

( ii ) To analyse those networks where the values of the branch elements are varied and for 
studying the effect of tolerance on such values. 

This theorem is stated as follows : 

“If a change , say AR f is made in the resistance of any branch of a network when the current 
was originally 1, then the change of current at any other point in the network may be calculated by 
assuming that an e.m.f—I A R has been introduced into the changed branch while all other sources 
have their e.m.fs. suppressed and are represented by their internal resistances only 

2.9. RECIPROCITY THEOREM 

The theorem is stated as follows : 

“In any linear bilateral network, if a source of e.m.f E in any branch produces a current I in 
any other branch, then the same e.m.f acting in the second branch would produce the same current I 
in the first branch ”. 

In other words, it simply means that E and I are mutually transferrable. The ratio E/I is known 
as the transfer resistance (or impedance in A.C. systems). 


2.10. MILLMAN’S THEOREM 


— The theorem can be applied to a network having a combination of voltage and current 
sources (since voltage source can be converted into a current source and vice versa). 

— The theorem is applicable only to two sources connected directly in parallel. It is not 
applicable where there are resistance elements between the sources. 

The theorem is stated in the following manner : 

“Any number of current sources in parallel may be replaced by a single current source whose 
current is the algebraic sum of individual source currents and source resistance is the parallel 
combination of individual source resistances”. 


The common voltage (V) across parallel branches with different V-sources can be determined 
from the relation 


(vygi) + (vygg) + (V3/R3) 

(1 /Ri) + (1/R 2 ) + (l/Bs) 


...(2.15) 


OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer: 

2 .1. Kirchhoff s current law states that 

(a) net current flow at the junction is 
positive 


Qb ) algebraic sum of the currents meet¬ 
ing at the junction is zero 
(c) no current can leave the junction 
without some current entering it. 
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2.12 

(d) total sum of currents meeting at the 
junction is zero 

2.2. According to KirchhofFs voltage law, 
the algebraic sum of all IR drops and 
e.m.fs. in any closed loop of a network 
is always 

(a) negative (6) positive 

(c) determined by battery e.m.fs. 

(d) zero 

2.3. KirchhofFs current law is applicable to 
only 

(а) junction in a network 

(б) closed loops in a network 

(c) electric circuits 
{d). electronic circuits 

2.4. KirchhofFs voltage law is related to 

(а) junction currents 

(б) battery e.m.fs. (c) IR drops 

(d) both (6) and (c) 

( e ) none of the above 

2.5. Superposition theorem can be applied 
only to circuits having 

(a) resistive elements 

(b) passive elements 

(e) non-linear elements 

(d) linear bilateral elements 

2 .6. The concept on which Superposition 
theorem is based is 

(a) reciprocity (6) duality 

(c) non-linearity (d) linearity 

2.7. Thevenin resistance. Rth is found 

(a) by removing voltage sources along 
with their internal resistances 

( b ) by short-circuiting the given two 
terminals 

(c) between any two ‘open’ terminals 

(< d) between same open terminals as for 

Eth 

2.8. An ideal voltage source should have 

(d) large value of e.m.f. 

(6) small value of e.m.f. 

(c) zero source resistance 

(d) infinite source resistance 

2.9. For a voltage source ; 

(а) terminal voltage is always lower 
than source e.m.f. 

(б) terminal voltage cannot be higher 
than source e.m.f. 

(c) the source e.m.f. and terminal volt¬ 
age are equal 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

2.10. To determine the polarity of the voltage 
drop across a resistor, it is necessary to 
know 

(а) value of current through the resistor 

(б) direction of current through the 
resistor 

(c) value of resistor 

(d) e.m.fs. in the circuit 

2.11. The Thevenin’s equivalent between 
points L and M for the network shown 
in Fig. 2.22 is given by 

(a) 5 V, 0 ohm (6) 5 V, 5 ohm 

(c) 5 V, 10 ohm 

(d) none of the above 



Fig. 2.22 

2.12. The equivalent resistance between 
point L to M in the network shown in 
Fig. 2.23 is given by 
(a) 2 ohms (6) 4 ohms 

(c) 6 ohms (d) 8 ohms 


P 
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2.13 


2.13. 


2.14. 


2.15. 


2.16. 


“Maximum power output is obtained 
from a network when the load resis¬ 
tance is equal to the output resistance 
of the network as seen from the ter¬ 
minals of the load”. The above state¬ 
ment is associated with 
(a) Millman’s theorem 
(i b ) Thevenin’s theorem 

(c) Superposition theorem 

(d) Maximum power transfer theorem 
“Any number of current sources in 
parallel may be replaced by^a. single 
current source whose current is the al¬ 
gebraic sum of individual source cur¬ 
rents and source resistance is the 
parallel combination of individual 
source resistances”. 

The above statement is associated with 

(a) Thevenin’s theorem 

(ib) Millman’s theorem 

(c) Maximum power transfer theorem 

(i d ) None of the above 

“In any linear bilateral network, if a 

source of e.m.f. E in any branch 

produces a current I in any other 

branch, then same e.m.f. acting in the 

second branch would produce the same 

current I in the first branch”. 

The above statement is associated with 

(a) compensation theorem 

(b) superposition theorem 

(c) reciprocity theorem 
0 d ) none of the above 

In the circuit shown in the Fig. 2.24, Rth 
equals 


(a) i?3 + 
( C ) R2 + 


(gl x R 2 ) 

R\ + R 2 
(fox Rj) 
R 3 + Ri 


(b)Ri + 


(R2 X R3) 
R2 + Rs 


{d) none of the above 



2.17. Thevenin’s equivalent (Eth, Rth ) for the 
circuit shown in Fig. 2.25 will be 
(a) 16.5 V, 6 Q (b) 12.5 V, 3 Q 

(c) 10.5 V, 2 Q (d) 7.5 V, 1.5 Q 


2Q 


10V 



Fig. 2.25 


2.18. Thevenin’s equivalent (Eth, Rth) for the 
circuit shown in Fig. 2.26 will be 
(a) 20 V, 5.6 Q '(b)18V,4Q 
(c) 16 V, 3 Q (d) 12 V, 2 Q 


10 a 12 a 



Fig. 2.26 

2.19. The current drawn from 4 V batteiy in 
the network shown in the Fig. 2.27 will 
be 

(a) 1.4 A (6) 0.9 A 

(c) 0.6 A (d) 0.39 A 

4V 6H 



2.20. Using Thevenin’s theorem, the current 
in branch NS of the network shown in* 
Fig. 2.28 will be 

(a) 3.7 A (b) 2.7 A 

(c) 1.6 A ( 1 d) 0.6 A 
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M 



2.21. Which of the following is non-linear 
circuit parameter ? 

(a) Inductance (6) Condenser 

(c) Wire wound resistor 

(d) Transistor 

2.22. A capacitor is generally a 

(a) bilateral and active component 

(b) active, passive, linear and non¬ 
linear component 

(c) linear and bilateral component 

(< d ) non-linear and active component 

2.23. “In any network containing more than 
one sources of e.m.f. the current in any 
branch is the algebraic sum of a num¬ 
ber of individual fictitious currents (the 
number being equal to the number of 
sources of e.m.f.), each of which is due 
to separate action of each source of 
e.m.f., taken in order, when the 
remaining sources of e.m.f. are 
replaced by conductors, the resistances 
of which are equal to the internal resis¬ 
tances of the respective sources”. 

The above statement is associated with 

(a) Thevenin’s theorem 

(b) Norton’s theorem 

(c) Superposition theorem 

(d) None of the above 

2.24. In a delta network each element has 
value R. The value of each element in 
equivalent star network will be 

(a) | (b)m 


(c) 2 (d) 3 

2.25. Kirchhoff s law is applicable to 

(a) passive networks only 

(b) a.c. circuits only 

(c) d.c. circuits only 

{d) both a.c. as well d.c. circuits 

2.26. Kirchhoffs law is not applicable to cir¬ 
cuits with 

(а) lumped parameters 

(б) passive elements 

(c) distributed parameters 
{d) non-linear resistances 

2.27. Kirchhoffs voltage law applies to cir¬ 
cuits with 

(а) non-linear elements only 

(б) linear elements only 

(c) linear, non-linear, active and pas¬ 
sive elements 

(d) linear, non-linear, active, passive, 
time varying as wells as time-in¬ 
variant elements 

2.28. The resistance LM will be 

(a) 6.66 Q (6) 12 Q 

(c) 18 Q id) 20 Q 



Fig. 2.29 

2.29. For high efficiency of transfer of power, 
internal resistance of the source should 
be 

(a) equal to the load resistance 

(b) less than the load resistance 

(c) more than the load resistance 
{d) none of the above 

2.30. Efficiency of power transfer when max¬ 
imum transfer of power c :curs is 

(a) 100% (b) 80% 

(c) 75% (d) 50% 

2.31. If resistance across LM in Fig. 2.30 is 
15. ohms, the value of R is 

(a) 10 Q (b) 20 Q 

(c) 30 Q (d) 40 Q 
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2.32. For maximum transfer of power, inter¬ 
nal resistance of the source should be 

(a) equal to load resistance 

(b) less than the load resistance 

(c) greater than the load resistance 

(d) none of the above 

2.33. If the energy is supplied from a source, 
whose resistance is 1 ohm, to a load of 
100 ohms the source will be 

(а) a voltage source 

(б) a current source 
(c) both of above 

0 d) none of the above 

2.34. The circuit whose properties are same 
in either direction is known as 

(а) unilateral circuit 

(б) bilateral circuit 

(c) irreversible circuit 

(d) reversible circuit 

2.35. In a series parallel circuit, any two 
resistances in the same current path 
must be in 

(a) series with each other 

(b) parallel with each other 

(c) series with the voltage source 

(d) parallel with the vbltage source 

2.36. In the given circuit, the KirchhofFs cur¬ 
rent law at the pointL is applied. Which 
of the following relation is correct ? 



Fig. 2.31 


(a) h - (72 + 73) = 0 (6) Ii ~ h~ Is 
(c)Ii + I2-I3 = 0 (d) h + I2 +13 = 0 

2.37. If a circuit does not coptain any source 
of energy or e.m.f. it is' known as 

(а) unilateral circuit 

(б) bilateral circuit 

(c) passive network 

(d) active network 

2.38. The resistance between points A and B 
(Fig. 2.32) is 

(a) 4 Q (6) 6 Q 

(c) 8 Q (d) 12 Q 



2.39. The circuit parameters may be 

(0 active ( ii ) passive 

(Hi) linear (iv) non-linear 

Which of the following is valid for a gas 
diode ? 

(a) (0 and (ii) (b) (i) and (iv) 

(c) (ii) and (iv) (d) (ii) and (iii) 

2.40. Which of the following is linear and 
bilateral parameter ? 

(a) resistors 

(b) semi-conductor diodes 

(c) electron tubes (d) transistor 

2.41. The common voltage across parallel 
branches with different voltage sources 
can be determined by the relation 

V1/R1 + V2/R2 + V 3 /R 3 
V “ 1 /Ri + I/R2 + l/Rs 
The above statement is associated with 

(a) Superposition theorem 

(b) Thevenin’s theorem 

(c) Norton’s theorem 

(d) Millman’s theorem 

2.42. For the circuit shown in Fig. 2.33 the 
current through R2 will be 

(a) 2.5 A (b) 8.5 A 

(c) 4.5 A (d) 5.‘5 A 
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R 1 = ioa 



Fig. 2.33 


2.43. The circuit has resistors, capacitors 
and semi-conductor diodes. The circuit 
will be known as 

(a) non-linear circuit 

(b) linear circuit (c) bilateral circuit 
(< d ) none of the above 

2.44. A non-linear network does not satisfy 

(a) superposition condition 

( b ) homogeneity condition 

(c) both homogeneity as well as super¬ 
position condition 

{d) homogeneity, superposition and as¬ 
sociative condition 

2.45. An ideal voltage source has 

(a) zero internal resistance 

(b) open circuit voltage equal to the 
voltage on full load 

(<?) terminal voltage in proportion to 
current 

(d) terminal voltage in proportion to 
load 

2.46. A network which contains one or more 
than one source of e.m.f. is known as 

(а) linear network 

(б) non-linear network 

(c) passive network 

(d) active network 

2.47. The superposition theorem is applicable 
to 

(а) linear, non-linear and time variant 
responses 

(б) linear and non-linear resistors only 

(c) linear responses only 

(d) none of the above 

2.48. Which of the following is not a non¬ 
linear element ? 

(a) Gas diode (6) Heater coil 
(c) Tunnel diode (d) Electric arc 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

2.49. Application of Norton's theorem to a 
circuit yields 

(а) equivalent current source and im¬ 
pedance in series 

(б) equivalent current source and im¬ 
pedance in parallel 

(c) equivalent impedance 

( d ) equivalent current source 

2.50. Millman’s theorem yields 

(a) equivalent resistance 

(b) equivalent impedance 

(c) equivalent voltage source 

(d) equivalent voltage or current 
source 

2.51. The superposition theorem is applicable 
to 

(a) voltage only (6) current only 

(c) both current and voltage 

(d) current voltage and power 

2.52. Between the branch voltages of a loop 
the KirchhofFs voltage law imposes 

(а) non-linear constraints 

(б) linear constraints 

(c) no constraints 

(d) none of the above 

2.53. A passive network is one which con¬ 
tains 

(а) only variable resistances 

(б) only some sources of e.m.f. in it 

(c) only two sources of e.m.f. in it 

(d) no source of e.m.f. in it 

2.54. A terminal where three on more branches 
meet is known as 

(a) node ( b ) terminus 

(c) combination (d) anode 

2.55. Which of the following is the passive 
element ? 

(а) Capacitance 

(б) Ideal current source 

(c) Ideal voltage source 

(d) All of the above 

2.56. Which of the following is a bilateral 
element ? 

(а) Constant current source 

(б) Constant voltage source 

(c) Capacitance 

(d) None of the above 
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2.57. A closed path made by several branches 
of the network is known as 

(a) branch (6) loop 

(c) circuit ( d) junction 

2.58. A linear resistor having 0 < R < oo i s a 

(а) current controlled resistor 

(б) voltage controlled resistor 

(c) both current controlled and voltage 
controlled resistor 
(< d) none of the above 

2.59. A star circuit has element of resistance 
R/2. The equivalent delta elements will 
be 

(a>m &> f .9 

(c) 2 R (d) 4 R 

2.60. A delta circuit has each element of 
value R/2. The equivalent elements of 
star circuit with be 

(a) R/6 ( b ) R /3 

(c) 2 R (d) 3 R 

2.61. In Thevenin’s theorem, to find Z 

(а) all independent current sources are 
short circuited and independent 
voltage sources are open circuited 

(б) all independent voltage sources are 
open circuited and all independent 
current sources are short circuited 

(c) all independent voltage and current 
sources are short circuited 

(d) all independent voltage sources are 
short circuited and all independent 
current sources are open circuited 

2.62. While calculating Rth in Thevenin’s 
theorem and Norton equivalent 

(a) all independent sources are made 
dead 

B. Fill in the Blanks/Say *Yes’ or ‘No’: 

2.66. A conducting path through which an 

electric current either flows or is in¬ 
tended to flow is called a. 

2.67. A. network is one which does not 

contain any source of e.m.f. 

2.68. An.network is one which contains 

one or more than one source of e.m.f. 

2.69. The. part of a network which lies be¬ 
tween two junctions is called node. 

(Yes/No) 


/ 2.17 

(6) only current sources are made dead 

(c) only voltage sources are made dead 

(d) all voltage and current sources are 
made dead 

2.63. The number of independent equations 
to solve a network is equal to 

(a) the number of chords 
(i b ) the number of branches 

(c) sum of the number of branches and 
chords 

(d) sum of number of branches, chords 
and nodes 

2.64. The superposition theorem requires as 
many circuits to be solved as there are 

(а) sources, nodes and meshes 

(б) sources and nodes 

(c) sources (d) nodes 

2.65. Choose the incorrect statement. 

(a) A branch formed by the parallel 
connection of any resistor R and 
open circuit has the characteristic 
of an open circuit. 

(b) A branch formed by the parallel 
connection of any resistor R and a 
short circuit has the characteristic 
of a short circuit. 

(c) A branch formed by the series con¬ 
nection of any resistor R and an 
open circuit has the characteristic 
of an open circuit. 

(d) A branch formed by the series con¬ 
nection of any resistor R and a short 
circuit has the characteristic of 
resistor R . 

2.70. A branch is a junction in a circuit where 

two or more circuit elements are con¬ 
nected together. (Y es/N o') 

2.71. The circuit whose parameters change 

with voltage or current is called a. 

circuit. 

2.72. .circuit is that circuit whose proper¬ 

ties or characteristics are same in 
either direction. 
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2.73. The circuit whose parameters are con¬ 
stant is called a linear circuit. (Yes/No) 

2.74. A.circuit is one whose properties or 

characteristics change with the direction 
of its operation. 

2.75. The sum of the currents entering a 
junction is greater than the sum of the 
currents leaving the junction. (Yes/No) 

2.76. The sum of the e.m.fs. (rise of potential) 
around any closed loop of a circuit equals 
the sum of the potential drops in that 


loop. (Yes/No) 

2.77. The.method (the most primitive one) 


involves more labour and is not used 
except for very simple circuits. 

2.78. Maxwell’s loop (or mesh) current method 

is best suited when energy sources are 
.sources rather than.sources. 

2.79. Superposition theorem is applicable only 


to.networks. 

2.80.theorem is quite useful whe|n the 


current in one branch of a network is to 
be determined or when the curent in an 
added branch is to be calculated. 

2.81.theorem is particularly useful for 

analysing communication networks. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

2.82. An ideal constant voltage source has. 

internal impedance whereas a constant 
source has.internal impedance. 

2.83. Current source has internal impedance 

connected in.with it whereas volt¬ 

age source has internal impedance con¬ 
nected in.with it. 

2.84. In delta to star conversion an in Fig. 2.34, 
we have value of star resistances 

*i=. 


Fig. 2.34 

2.85. In star to delta conversion in Fig. 2.34, we 
have the value of delta resistance 

-®12 = . 

2.86. Total resistance of a parallel circuit is 
.the smallest branch resistance. 


ANSWERS 
(Network Theorems) 


A. Choose the Correct Answers : 


2 .1. 

(b) 

2 .2. 

(d) 

2.3. 

(a) 

2.4. 

(d) 

2.5. 

(d) 

2 .6. 

(d) 

2.7. 

(d) 

2 .8. 

(c) 
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2.9. 

(b) 

2.10. 

(6) 

2.11. 

(a) 

2.12. 

(0 

2.13. 

(d) 

2.14. 

Cb ) 

2.15. 

(c) 

2.16. 

(a) 

2.17. 

(d) 

2.18. 

(a) 

2.19. 

(d) 

2.20. 

(6) 

2.21. 

(a) 

2.22. 

(c) 

2.23. 

(c) 

2.24. 

(d) 

2.25. 

(d) 

2.26. 

(c) 

2.27. 

(d) 

2.28. 

(a) 

2.29. 

(b) 

2,30. 

(d) 

2.31. 

(c) 

2.32. 

(a) 

2.33. 

(a) 

2.34. 

(b) 

2.35. 

(a) 

2.36. 

(a) 

2.37. 

(c) 

2.38. 

(a) 

2.39. 

(b) 

2.40. 

(a) 

2.41. 

(d) 

2.42. 

(a) 

2.43. 

(a) 

2.44. 

(c) 

2.45. 

(a) 

2.46. 

(d) 

2.47. 

(c) 

2.48. 

(b) 

2.49. 

(a) 

2.50. 

(d) 

2.51. 

(d) 

2.52. 

(b) 

2.53. 

(d) 

2.54. 

(a) 

2.55. 

(a) 

2.56. 

(c) 

2.57. 

(b) 

2.58. 

(c) 

2.59. 

(b) 

2.60. 

(a) 

2.61. 

(d) 

2.62. 

(a) 

2.63. 

(a) 

2.64. 

(c) 

2.65. 

(a) 




B. Fill in the Blanks/Say ‘Yes’ or ‘No’ 

2.66. circuit 

2.67. passive 

2.68. active 

2.69. No 

2.70. No 
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2.71. 

non-linear. 

2.72. 

Bilateral' 

2.73. 

Yes 

2.74. 

unilateral 

2.75. 

No 

2.76. 

Yes 

2.77. 

br anch- curre nt 

2.78. 

voltage, current 

2.79. 

linear 

2.80. 

Thevenin’s 

2.81. 

Maximum power transfer 

2.82. 

zero, infinte 

2.83. 

parallel, series 

2.84. 

^12^31 

^12 + ^23 + J ^31 

2.85. 

^1^2 + ^2^3 + ^3^1 

i?3 

2 .86. 

less than 


□ □ 
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Electrostatics 



and Capacitance 


3.1. ELECTROSTATICS 

3.1.1. Definition of Electrostatics 

Electrostatics (means static electricity) is defined as follows : 

“Electrostatics is a branch of science which deals with electricity, at rest (or static electricity ), 
such as stationary charges on conductors and laws governing them”. 


3.1.2. Electric Charge 

When two substances are rubbed together, some of the electrons are removed from the atoms 
of one of the substances and go into the atoms of the other substances, thus the body which gains 
electrons becomes negatively charged while the body which loses electrons becomes positively charged. 
Thus the charge of the body is defined as the total excess or deficit of electrons. 


3.1.3. Laws of Electrostatics 

First Law. Like charges of electricity repel each other whereas unlike charges attract each 

other. 


or 


Second Law. It states that the force (F) between two point charges is : 

(i) directly proportional to the product of their charges , (Q j, 

(ii) inversely proportional to the square of the distance (d) between them, and 

(Hi) inversely proportional to the absolute permittivity (z) of the surrounding medium. 

Qi Qo 

Mathematically, F oc-— 

eoT 


F = k 


Qi Q2 

e d 2 


...(3.1) 


(where k = constant of proportionality) 

This law is also known as Coulomb’s law. 


Coulomb. One coulomb of charge may be defined as that charge (or quantity of electricity) 
which when placed in air (strictly vacuum) from an equal and similar charge repels it with a force of 
V x 10 9 N. 

1 ilC= 10 C 

1 wiC= 10~ 12 C 

3.1 
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Relative permittivity of some important materials is given below : 


Insulating material 

1. Air 

2. Glass 

3. Mica 

4. Rubber 

5. Wood 

6 . Paper (varnished) 

7. Porcelain 


Dielectric constant 
or relative permittivity 
1 (app.) 

5—12 

4— 8 
2.5 

2.5— 6.8 

1 . 8 — 2.6 

5— 6.7 


3.1.4. Electric Field Intensity (E) 

In may be defined in the following ways : 

1 . Electric field intensity is the force experienced by a unit positive charge placed at that point. 


Mathematically, E = jr newton/coulomb (i.e., force per unit charge) 


...(3.2) 


2 . Electric field intensity is equal to the lines of force passing normally through a unit 
cross-section at that point. 


Mathematically, 



...(3.3) 


point. 


[Electric flux (tj;) is the total number of lines of force emanating from a charge]. 

3. Electric intensity at any point in an electric field is equal to the potential gradient at that 


Mathematically, 


dV 

E = - - 5 — volt/metre 
dx 


...(3.4) 


3.1.5. Electric Flux Density (D) 

Electric flux density or electric displacement ( D ) is given by the normal flux per unit area . 

Mathematically, D = ^ C/m 2 ...(3.5) 

It is related to electric field intensity by the relation 

D-z^rE ...(3.6) 

3.1.6. Gauss’s Theorem 

It states as follows : 

“If charge Q is enclosed within a surface , the total flux crossing the surface is Q whatever may 
be distribution of the charge enclosed. It is assumed that medium is homogeneous. 

Also ^ = ...(3.7) 

3.1.7. Electrical Potential and Potential Difference 

“The electric potential at any point is given by the work which would have to be done in bringing 
a unit positive charge from an infinite distance to that point , or alternatively from a place of zero 
potential to the poinf\ 

The difference of electric potential between two points is the work done in moving a unit charge 
from one point to another. 

Equipotential surface. An “equipotential surface” is one having all points at the same 
potential. 
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ELECTROSTATICS AND CAPACITANCE 


3.3 


Potential gradient. The potential gradient is the rate of change of potential measured in 
the direction of electric force. 

The potential gradient, in any electrostatic field, is equal to the field strength, 

3.2. CAPACITANCE 

3.2.1. Capacitor 

A capacitor is a device capable of^toring electric charge. It consists of two conducting surfaces 
(maybe in form of either circular or rectangular plates or of spherical or cylindrical shape) separated 
by an insulating material called a dielectric, 

3.2.2. Capacitance (C) 

Capacitance is a measure of ability of a capacitor to store an electric charge. It is the ratio of 
the charge ($) that can be stored to the voltage applied (V) across the plates. 

Mathematically, 


c-9- 

v 


The formulae of capacitance for various capacitors are given below : 
1. Parallel plate capacitor: 

(i) Uniform dielectric medium : 

EQErA 


C = 


t 

£qA 


... in a medium, 


... in air 


[where t = thickness of the dielectric, and 
e r = relative permittivity] 

(u) Medium partly air : 

ZqA 


C = 


(Hi) Composite medium : 


d ■ 




c= 




(io) Multi-plate capacitor : 


C = 


t\ t% ts 

e >T £ r 2 8 r s 


(n - 


(where n = number of plates) 

2. Cylindrical capacitor: 

C , 8 -'; F/m 
loge r 2 /ri 

Potential gradient in a cylindrical copacitor (g) 

V 


Smax ~ 

Smin ~ 


ri log e r^ri 

V 

r 2 log e r^r Y 


..(3.8) 

...[3.9 (a)] 
...[3.9 m 


...(3.10) 

...( 2 . 11 ) 

...(3.12) 

...(3.13) 

...(3.14) 

...(3.15) 
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3.2.3. Capacitors in Series 

In series combination, charge on all capacitors is same butp.d. across each is different 


_1_ J_ 
c C 1 + C 2 + C 3 


or 


CiC 2 C 3 

" C Y C 2 + C 2 C 3 + QA 


...(13.16) 


3.2.4. Capacitors in Parallel 

In this cas e 9 p.d. across each capacitor is same but charge on each is different. 

C = Ci + C 2 + C 3 


3.2.5. Energy Stored in a Capacitor 

The energy stored in a capacitor equals the work done to put the charge on the capacitor in 
opposition to the voltage on the capacitor. 

Electric energy (= W) = | CV 2 ...(13.17) 

3.2.6. Charging and Discharging of a Capacitor 
Charging; 

© v = V (1 - e~ t/X ) (ii)q = Q( l-e~ t/X ) (Hi) i = I m e~ t/k 

Time constant (X). “The time constant of R-C circuit is the time during which voltage across 
capacitor would have reached its maximum value V had it maintained its initial rate of rise”. 

X = CR 
u = 0.632 V 
i * 0.37 I m 

Discharging: 

(i) v = V e~ t/x ( ii ) q - Qe' t/x (Hi) i=-I m e~ t/k 


3.2.7. Types of Capacitors 

1. Air capacitors 2. Paper capacitors 

3. Plastic film capacitors 4. Mica capacitors 

5. Ceramic capacitors 6. Electrolytic capacitors 

3.2.8. Dielectric Strength 

The dielectric strength refers to the breakdown voltage of an insulator. It is given by the 
maximum potential difference which a unit thickness of the medium can withstand without breaking 
down. 

Insulating material Dielectric strength (kV/mm) 


Air 

3.2 

Glass 

12-20 

Mica 

20-60 

Paper (varnished) 

18 

Porcelain 

15 


3.2.9. Some Important Properties of Capacitors 

1. The capacitor never dissipates energy, but only stores it. 

2. A capacitor is sort of open circuit to D.C. 
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ELECTROSTATICS AND CAPACITANCE 3 5 

3. If the voltage across a capacitor is not changing with time, the current through it is zero. 

4. It is not possible to change the voltage across a capacitor by a finite amount in zero time, 
for this requires infinite current through the capacitor. 

5. A capacitor resists an abrupt change in the voltage across it in a manner analogous the way 
a spring resists an abrupt change in its displacement. 


OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer: 


8 . 1 . 


3.2. 


3.3. 


3.4. 


3.5. 


3.6. 


3.7. 


The force between two charges is 120 

N. If the distance between the charges 

is doubled, the force will be 

(a) 60 N (6) 30 N 

(c) 40 N (d) 15 N 

The mass of an electron is equal to 

(а) 1.602 x lO" 19 kg 

(б) 9.11 x 10“ 31 kg 

(c) 1.673 x 10- 27 kg 

(d) 9J.1 x 10“ 2 ° kg 
As per Coulomb’s law 

Q1Q2 


(a) F = 


(c)F = 


E0 Zrd? 

QlQ2 

4jteosr<i 2 


(b)F-. 


(d)F: 


Q1Q2 

4nd 2 

Q1Q2 


4neo trd 

The electric field intensity at a point 
situated 4 metres from a point charge 
is 200 N/C. If the distance is reduced to 
2 metres, the field intensity will be 
(a) 400 N/C (b) 600 N/C 

(c) 800 N/C (d) 1200 N/C 

Electric intensity (E) at any point in an 
electric field is equal to 

(а) potential gradient 

(б) (potential gradient) 2 

(c) (potential gradient) 172 

( d) (potential gradient) 173 

The lines of force due to charged par¬ 
ticles are 

(а) always straight 

(б) always curved 

(c) sometimes curved 

(d) none of the above 

The electric field at a point situated at 
a distance d from straight charged con¬ 
ductor is - 

(а) proportional to d 

(б) inversely proportional to d 


(c) inversely proportional to d 2 

(d) none of the above 

3*8. The direction of electric field due *o 
positive charge is 

(a) away from the charge 

(b) towards the charge 

(c) both (a) and (6) 

(d) none of the above 

3.9. A field line and an equipotential sur¬ 
face are 

(а) always parallel 

(б) always at 90° 

(c) inclined at any angle 0 

(d) none of the above 

3.10. The ability of charged bodies to exert 
force on 6ne another is attributed to the 
existence of 

(a) electrons (6) protons 

(c) neutrons (d) electric field 

3.11. If the sheet of a bakelite is inserted 
between the plates of an air capacitor, 
the capacitance will 

(a) decrease (6) increase 

(c) remains unchanged 

(d) become zero 

3.12. A capacitor stores 0.24 coulombs at 10 
volts. Its capacitance is 

(a) 0.024 F (6) 0.12 F 

(c) 0.6 F (d) 0.8 F 

3.13. For making a capacitor, it is better to 
select a dielectric having 

(а) low permittivity 

(б) high permittivity 

(c) permittivity same as that of air 

(d) permittivity slightly more than that 
of air 

3.14. The units of capacitance are 

(a) volts/coulomb ( b ) coulombs/volt 
(c) ohms (d) henry/Wb 
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3.15. If three 15 |ulF capacitors are connected 
in series, the net capacitance is 

(a) 5 |biF (6) 30 pF 

(c) 45 pF (d) 50 pF 

3.16. If three 10 pF capacitors are connected 
in parallel, the net capacitance is 

(a) 20 pF (i b ) 30 pF 

(c) 40 pF (d) 50 pF 

3.17. A dielectric material must be 

(a) resistor ( b ) insulator 

(c) good conductor (d) semi conductor 

3.18. An electrolytic capacitor can be used for 
(a) D.C. only (6) A.C. only 

(c) both D.C. as well as A.C. 

3.19. .The capacitance of a capacitor is not 
affected by 

(a) distance between plates 

(b) area of plates 

(c) thickness of plates 

(d) all of the above 

3.20. The capacitance of a cylindrical capacitor 
is given by 

( ) £ 0 £ r 2 jt£Q€ r 2 

a loge r2/ri ’ log? T2/ri 


(c) 


3jt£0£r 
loge T 2 /ri 


id) 


2jT£ 0 fir 

loge T 2 /ri 


3.21. Which of the following is not a vector ? 

(а) Linear momentum 

(б) Angular momentum 

(c) Electric field 

(d) Electric potential N 


3.22. Electric flux in coulombs emanating 
from any surface of a cube containing 
C coulombs of charge at its centre is 
4jiQ 

6E 




(b) 


(c) 


£ 

6 


(d) 


6E 


3.23. Two metal plates distance apart 
form a capacitor of value C farads. 
Another metal plat^ of thickness d/2 
and of the same area is inserted in 
between these two plates, capacitance 
of this three plate capacitor will be 
(a)4 (6)2 

(c) 1/2 W) 1/4 


3.24. Electric field inside a hollow metallic 
charged sphere is 

(а) increasing towards centre 

(б) decreasing towards centre 

(c) zero 

(d) none of the above 


3.25. 


A conducting body has surface charge 
density of a coulombs/m 2 , the field in¬ 
tensity at its surface will be 


(a) 


o 

£0 £r 


(c) ZQtrO 



£0 £r 



£0£r 


3.26. Two plates of a parallel plate capacitor 
after being charged from a constant 
voltage source are separated apart by 
means of insulated handles, then the 

(а) Voltage across the plates increases 

(б) voltage across the plates decreases 

(c) charge on the capacitor decreases 

(d) charge on the capacitor increases 

3.27. If A.C. voltage is applied to capacitive 
circuit, the alternating current can flow 
in the circuit because 

(а) varying voltage produces the charg¬ 
ing and dicharging currents 

(б) of high peak value 

(c) charging current can flow 

(d) discharge current can flow 

3.28. Voltage applied across a ceramic di¬ 
electric produces an electrolytic field 
100 times greater than air. What will 
be the value of dielectric constant ? 

(a) 50 (6) 100 

(c) 150 (d) 200 

3.29. Which of the following statements is 

correct ? 

(а) Air capacitors have a blackband to 
indicate the outside foil 

(б) Electrolytic capacitor must be con- ' 
nected in the correct polarity 

(c) Ceramic capacitors must be con¬ 
nected in the correct polarity 

(d) Mica capacitors are available in 
capacitance value of 1 to 10 pF 


Downloaded From : www.EasyEngineering.net 







Downloaded From : www.EasyEngineering.net 


ELECTROSTATICS AND CAPACITANCE 

3.30. The dissipation factor of a good di¬ 
electric is of the order of 

(a) 0.0002 (6) 0.002 

(c) 0.02 id) 0.2 

3.31. “The totdl electric flux through any 
closed surface surrounding charges is 
equal to the amount of charge enclosed”. 

The above statement is associated with 

(а) Coulomb’s square law 

(б) Gauss’s law 

(c) Maxwell’s first law 
id) Maxwell’s second law 

3.32. Three capacitors each of the capacity C 
are given. The resultant capacity 2/3 C 
can be obtained by using thein 

(a) all in series (6) all in parallel 

(c) two in parallel and third in series 
with this combination 

(d) two in series and third in parallel 
across this combination 

3.33. For which of the following parameter 
variation, the capacitance of the 
capacitor remains unaffected ? 

(а) Distance between plates 

(б) Area of the plates 
(c) Nature of dielectric 

id) Thickness of the plates 

3.34. Which of the following statement is 
true ? 

(а) The current in the discharging 
capacitor grows linearly 

(б) The current in the dicharging 
capacitor grows exponentially 

(c) The current in the discharging 
capacitor decays exponentially 

(d) The current in the discharging 
capacitor decreases constantly 

3.35. Which of the following expression is 
correct for electric field strength ? 

(a) E = D/e ( b)E=D 2 /t 

(c)E = nD (d) E = kD 2 

3.36. In a capacitor the electric charge is 
stored in 

(a) metal plates (6) dielectric 

(c) both (a) and (6) 

(d) none of the above 


3.7 

3.37. Which of the following materials has 
the highest value of dielectric cons¬ 
tant? 

(a) Glass (6) Vacuum 

(c) Ceramics (d) Oil 

3.38. Which of the following capacitors will 
have the least variation ? 

(а) Paper capacitor 

(б) Ceramic capacitor 

(c) Silver plated mica capacitor 

(d) None of the above 

3.39. Which of the following statements is 
incorrect ? 

(а) The leakage resistance of ceramic 
capacitors is generally high 

(б) The stored energy in a capacitor 
decreases with reduction in value of 
capacitance 

(c) The stored energy in a capacitor 
increases with applied voltage 

(d) A wire cable has distributed capaci¬ 
tance between the conductors 

3.40. Which of the following capacitors has 
relatively shorter shelf life ? 

(а) Mica capacitor 

(б) Electrolytic capacitor 

(c) Ceramic capacitor 

(d) Paper capacitor 

3.41. The sparking between two electrical 
contacts can be reduced by inserting a 

(а) capacitor in parallel with contacts 

(б) capacitor in series with each contact 

(c) resistance in line 

(d) none of the above 

3.42. In the case of a lossy capacitor, its 
series equivalent resistance value will 
be 

(a) small (6) very small 

(c) large (d) zero 

3.43. The power dissipated in a pure 
capacitor is 

(а) zero 

(б) proportional to applied voltage 

(c) proportional to value of capacitance 

(d) both (6) and (c) above 
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3.8 


3.44. The equivalent capacitance of £he cir¬ 
cuit shown in Fig. 3.1, will be 

(a) 6p,F (b) 8 \iF 

(< c ) 10 ^F (d) 12 ^iF 





-HI- 

8 MF 

Fig. 3.1 

3.45. In a capacitive circuit 

(a) a steady value of applied voltage 
causes discharge 

(b) an increase in applied voltage makes 
a capacitor charge 

(c) decrease in applied voltage makes a 
capacitor charge 

(d) none of the above 

3.46. When a dielectric slab is introduced in 
a parallel plate capacitor, the potential 
difference between plates will 

(а) remain uncharged 

(б) decrease 

(c) increase (d) become zero 

3.47. The equivalent capacitance of the cir¬ 
cuit shown in Fig. 3.2, will be 

(a) 0.2 \iF (b) 0.4 \lF 

(c) 0.6 ^iF (d) 0.8 \iF 


1A4F 2AIF 



Fig. 3.2 

3,48. Capacitance increases with 

(а) increase in plate area and decrease 
in distance between the plates 

(б) increase in plate area and distance 
between the plates 

(c) decrease in plate area and value of 
applied voltage 

(d) reduction in plate area and distance 
between the plates 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE! 

3.49. A capacitor consists of 

(а) two insulators separated by a con¬ 
ductor 

(б) two conductors separated by an in¬ 
sulator 

(c) two insulators only 

(d) two conductors only 

3.50. A gang condenser is a 

(а) polarised capacitor 

(б) variable capacitor 

(c) ceramic capacitor 

(d) none of the above 

3.51. A paper capacitor is usually available 
in the form of 

(a) tubes (b) rolled foil 

(c) disc {d) meshed plates 

3.52. Air capacitors are generally available in 
the range 

(a) 10 to 400 pF (b) 1 to 20 pF 
(c) 100 to 900 pF (d) 20 to 100 pF 

3.53. The unit of capacitance is 

(a) henry (6) ohm 

(c) farad (d) farad/m 

3.54. A capacitor charged to 200 V has 2000 
|xC of charge. The value of capacitance 
will be 

(a) 10 F (6) 10 jxF 

(c) 100 [iF (d) 1000 \iF 

3.55. A capacitor in circuit became hot and 
ultimately exploded due to wrong con¬ 
nections, which type of capacitor it 
could be ? 

(а) Paper capacitor 

(б) Ceramic capacitor 
(c} Electrolytic capacitor 

(d) Any *of the above 

3.56. Voltage across capacitor at any time T 
during charging from a D.C. source of 
voltage V is given by 

(a) v = Ve~ t2/k t (b)v=V( 1 - e~ t/k ) 

(c) v = V 2 e~ t/X (d) v = V 2 (l - e~ t/k ) 

3.57. The ratio of electric flux density to 

electric field intensity is called . of 

the medium 

(a) permeability ( b ) permittivity 

(c) reluctance (d) capacitance 
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3.58. Energy stored in the electric field of a 
capacitor C when charged from a D.C 
source of voltage V is equal to joules 

: (a) ICV 2 (fe)|C 2 V 

(c) CV 2 ' (d) C 2 V 

3:59. The absolute permittivity of free space 
is given by 

(a) 8.854-x-lO" 9 F/m 

( b ) 8.854 x 1(T 10 F/m 

(c) 8.854 x 1CT 11 F/m 

(d) 8.854, x 10“ 12 F/m 

3.60. The relative permittivity of free space 
is given by 

(a) 1 (6)10 

(c) 100 (d) 1000 

3.61. Electric field intensity is a.quantity 

(a) scalar ( b ) vector 

(c) both (a) and (6) 
id) none of the above 

3.62. When 4 volts e.m.f. is applied across a 

1 farad capacitor, it will store energy of 
(a) 2 joules (6) 4 joules 

(c) 6 joules (d) 8 joules 

3.63. With steady D.C. voltage from a bat¬ 
tery applied to a capacitance, after it 

t charges to the battery voltage, the cur¬ 
rent in the circuit 

(a) is smaller for larger values of 
capacitance 

(b) is greater for larger values of 
capacitance 

(c) is zero for any capacitance value 

(d) depends on the current rating of the 
battery 

3.64. The capacitor preferred for high fre¬ 
quency circuits is 

(a) air capacitor ( b ) mica capacitor 

(c) electro lytic capacitor 

(d) none of the above 

3.65. The capacity of capacitor bank used in 
power factor correction is expressed in 
terms of 

(a) kW (6) kVA 

(c) kVAR (d) volts 

3.66. While testing a capacitor with ohm- 
metre, if the capacitor shows charging, 
but the final resistance reading is appre- 


3.9 

ciably less than normal, it can be con¬ 
cluded that the capacitor is 
(a) short-circuited (6) open circuited 
(c) alright (d) leaky 

3.67. If a 6 [iF capacitor is changed to 200 V, 
the charge in coulombs will be 

(a) 800 \lC (b) 900 |aC 

(c) 1200 \iC (d) 1600 *iC 

3.68. Which capacitor will be physically 
smaller for the same ratings ? 

(a) Ceramic capacitor 
(fc) Paper capacitor 

(c) Both will be of equal size 

(d) None of the above 

3.69. What is the value of capacitance that 
must be connected in parallel with 50 
pF condenser to make an equivalent 
capacitance of 150 pF ? 

(a) 50 pF (6) 100 pF 

(c) 150 pF (d) 200 pF 

3.70. A mica capacitor and a ceramic capacitor 
both have the same physical dimen¬ 
sions. Which will have more value of 
capacitance ? 

(а) Ceramic capacitor 

(б) Mica capacitor 

(c) Both will have identical value of 
capacitance 

(d) It depends on applied voltage 

3.71. Which of the following material has 
least value of dielectric constant ? 

(a) Ceramics (6) Oil 

(c) Glass (d) Paper 

3.72. Which of the following capacitors will 
have the least value of breakdown volt¬ 
age ? 

(a) Mica (6) Paper 

(c) Ceramic (d) Electrolytic 

3.73. The breakdown voltage for paper 
capacitors is usually 

(а) 20 to 60 volts 

(б) 200 to 1600 volts 

(c) 2000 to 3000 volts 

(d) more than 10000 volts 

3.74. Dielectric constant for mica is nearly 

(a) 200 (6) 100 

(c) 3 to 8 (d) 1 to 2 
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3.75. The value of dielectric constant* for 
vacuum is taken, as 

(a) zero (6) 1 

(c) 4 (d) 10 

3.76. Which of the following capacitors is 
marked for polarity ? 

(a) Air (b) Paper 

(c) Mica (d) Electrolytic 

3.77. Which of the following capacitors can be 
used for temperature compensation ? 

(а) Air capacitor 

(б) Ceramic capacitor 

(c) Paper capacitor 

(d) None of the above 

3.78. Which of the following statements is 
incorrect ? 

(а) The thinner the dielectric, the more 
the capacitance and the lower the 
voltage breakdown rating for a 
capacitor 

(б) A six dot mica capacitor colour 
coded white, green, black, red and 
yellow has the capacitance value of 
500 pF 

(c) Capacitors in series provide less 
capacitance but a higher voltage 
breakdown rating for the combina¬ 
tion 

id) A capacitor can store charge be¬ 
cause it has a dielectric between 
two conductors 

3.79. Paper capacitors usually have a tole¬ 
rance of 

(a) ± 5% (6) ± 10% 

(c) ± 15% (oft ± 20% 

3.80. For closer tolerances which of the fol¬ 
io wing capacitors is usually preferred ? 
(a) Paper capacitor (6) Mica capacitor 

(c) Ceramic disc capacitor 

(d) None of the above 

3.81. The electrostatic force between two 
charges of one coulomb each and placed 
at a distance of 0.5 m will be 

(a) 36 x 10 6 ( b) 36-x 10 7 N 

(c) 36 x 10 8 N (d) 36 x 10 9 N 

3.82. The units of volume charge density are 

(a) Coulomb/metre 

(b) Coulomb/metre 2 


(c) Coulomb/metre 3 

(d) Coulomb/metre 4 

3.83. “The surface integral of the normal 
component of the electric displacement 
D over any closed surface equals the 
charge enclosed by the surface”. 

The above statement is associated with 
(a) Gauss’s law (6) Kirchhoffs law 
(c) Faraday’s law (cf) Lenz’s law 

3.84. The potential of the sphere is given by 

Q 

4jt c 0 r 

Q 


(o) teor 

(b) 

(c)-£- 

jreor 

(d) 


3.85. 


3.86. 


Stacor 2 

Dielectric strength of mica is 

(a) 10 to 20 kV/mm 

(b) 30 to 50 kV/mm 

(c) 50 to 200 kV/mm 

(d) 300 to 500 kV/mm 
The dielectric constant (relative per¬ 
mittivity) of glass is given by 

(a) 0.1 to 0.4 . (6) 0.5 to 1.0 

(c) 2.0 to 4.0 (d) 5 to 100 

3.87. capacitors are mainly used for 

radio frequency tuning. 

(a) Paper (6) Air 

(c) Mica (d) Electrolytic 

..capacitors can be used only for D. C. 

(a) Air (6) Paper 

( c) Mica (d) Electrolytic 


3.88. 


3.89. ..capacitors are used in transistor 

circuits. 

(a) Ceramic (6) Paper 

(c) Air (d) Electrolytic 

3.90. .capacitors are used for audio fre¬ 

quency and radio frequency coupling 
and tuning. 

(a) Air (6) Mica 

(c) Plastic film (d) Ceramic 

3.91. The area of plates of the parallel plate 
capacitor, to obtain capacity of 0.3 x 
lO^ 3 pF if they are separated by a dis¬ 
tance of 10 mm and a dielectric between 
them of permittivity = 2.5, will be 

(a) 0.1 m 2 (6) 0.125 m 2 

(c) 0.135 m 2 (d) 0.235 m 2 
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3.9^2. If three capacitors C\, C 2 and C 3 of 
values of 1 ^iF, 2[iF, and 4pF respective¬ 
ly are in series and connected across a 
potential of 230 V, then charge on each 
capacitor is 

I , (a) 111 x 10" 6 C ( b ) 121 x KT 6 C 

(c) 131x10- 


3.100. 


-6 C 


(< d) 161 x 10" 6 C 


3.93. 


3.94. 


3.95. 


3.98. 


The inverse of capacitance is called 
(a) reluctance ( b ) conductance 

(c) susceptance (d) elastance 

When the dielectric is homogeneous, 
the potential gradient is 
(a) uniform ( b ) non-uniform 

(c) zero ( d ) any of the above 

The potential gradient across the 

material of low permittivity is . 

than across the material of high per¬ 
mittivity. 

(a) smaller (6) greater 

(c) both (a) and (b) 

(d) none of the above 

. field is associated with the 

capacitor. 

(a) Electric ( b ) Magnetic 

(c) Both (a) and ( b ) 

(d) None of the above 
A capacitor having capacitance of 5 pF 
is charged to a potential difference of 
10,000 V. The energy stored in the 
capacitor is 

(a) 50 joules (6) 150 joules 

(c) 200 joules (cO 250 joules - 

A single core cable used on 33000 V has 
conductor diameter 10 mm and the in¬ 
ternal diameter of sheath 25 mm. The 
maximum electrostatic stress in the 
cable is 

(a) 62 x 10 5 V/m (b) 72 x 10 6 V/m 

(c) 82 x 10 5 V/m id) 92 x 10 5 V/m 

3.99. For a medium of relative permittivity 
8 r , the field strength is 


3.96. 


3.97. 


(a) E = — N/C 
£0 


a 


(b)E = — N/C 

£0£r ' 


{c)E 
(d) E = 


a 


4jT£0£r 

£0 £r 


N/C 


3.101. 


3.102. 


3.103. 


3.104. 


3.105. 


3.106. 


3.107. 


An equipotential surface is one which 

has all points at.potential 

(a) same (6) different 

(c) zero ----- 

(d) none of the above 

Two infinite parallel plates 10 mm apart 
have maintained between them a poten¬ 
tial difference of 100 V. The accelera¬ 
tion of an electron placed between them 
is 

(a) 0.56 x 10 15 m/s 2 
.( b) 1.5 x 10 15 m/s 2 

(c) 1.6 x 10 15 m/s 2 

(d) 1.76 x 10 15 m/s 2 

Hint. F = E.e, a = — 


N/C 


The capacitance of an isolated sphere is 
given by 

(a) 4jiEori^ (6) 4jt 2 £0£rF 

(c) 2ji£or 2 F (d) 3tceo r 2 F 

The total deficiency or excess of electrons 

in a body is known as 

(a) current (6) voltage 

(c) potential gradient 

{d) charge 

The relative permittivity has the fol¬ 
lowing units 

(a) F/m (6) m/F 

(c) Wb/m (o0 no units 

If the relative permittivity of mica is 5, 

its absolute permittivity is 

(a) 44.27 x 10“ 12 F/m 

(b) 44.27 x 10" u F/m 

(c) 44.27 x 10“ 10 F/m 

(d) 44.27 x 10“ 9 F/m 

The direction of the lines of force at any 
point is the direction along which a unit 

.charge placed at that point would 

move if free to do so 

(a) positive (6) negative 

(c) both of the above 

{d) none of the above 

It was suggested by .. ... that the 

electric field should be imagined to be 

divided into tubes of force containing a 

fixed number of lines of force. 

(a) Kelvin (b) Newton 

(c) Faraday (d) All of the above 
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3.108. The phenomenon of an uncharged body 
getting charged merely by the nearness 
of a charged body is known as ...... 

(а) pholoelectric effect 

(б) chemical effect 

(c) magnetic effect 

(d) induction 

3.109. A unit tube of flux is known as.tube 

(a) Newton ( b ) Faraday 

(c) Michale 

(d) None of the above 

3.110. The number of Faraday tubes of flux 
passing through a surface in an electric 
field is called 

(а) electric flux 

(б) electric flux density 

(c) magnetic flux density 

(d) electric charge density 

3.111. The unit of electric instensity is 

(a) N/C 2 (6) Wb/m 2 

(c) N/C (d) N 2 /C 

3.112. The value of E within the field due to a 
point charge can be found with the help 
of 

(а) Faraday’s laws 

(б) Kirchhoff s laws 

(c) Coulomb’s laws 

(d) none of the above 

3.113.at a point may be defined as equal 

to the lines of force passing normally 
through a unit cross-section at that 
point. 

(a) Electric intensity 

( b ) Magnetic flux density 

(c) Electric flux 

(d) None of the above 

3.114. Electric intensity at any point in an 

electric field is equal to the.. at that 

point. 

(a) electric flux 

(b) magnetic flux density 

(e) potential gradient 
{d) none of the above 

3.115. Electric flux density ( D ) is related to 
electric field intensity ( E) by the rela¬ 
tion 

- (a) D = Go e, E (b) D = GoGr® 2 

(c) D = EoEr VE (d) D = e, E A 


3.116. 


3.117. 


3.118. 


3.119. 


3.120. 


3.121. 


3.122. 


3.123. 


Electric displacement is a.quanti *■:/■ 

(a) scalar { (h) vector 

(c) both of the jabove 

(d) none of the ?above 

“The surface integral of normal com¬ 
ponent of the electric intensity E over 


a closed surface is equal to — 

Eo 


times the 


total charge inside it”. 

The above statement is known as 

(а) Gauss’s theorem 

(б) Faraday’s law (c) Lenz’s law 
(d) None of the above 

A point charge of 10~ 9 C is placed at a 
point A in a free space. The intensity of 
electrostatic field on the surface of a 
sphere of radius 50 mm and centre A is 
given by 

(a) 2000 V/m ( b ) 3000 V/m 

(c) 3151 V/m (d) 3595 V/m 

.at a point is equal to the negative 

potential gradient at that point. 

(a) Electric intensity 

( b ) Electric flux (c) Magnetic flux 

(d) Magnetic flux density 

The unit of dielectric strength is given 

ty 2 
(a) V/m ( b) V 2 /m 

(c) m/V ( d) m/V 2 

Dielectric strength.with increasing 

thickness 

(a) increases (6) decreases 

(c) remains unaltered 

(d) none of the above 

The relation between the breakdown 
voltage V and the thickness (£) of the 
dielectric is given by V = A^ /3 , where A 
is a constant depending on the nature 
of the medium and also on the thick¬ 
ness t. 

The above statement is known as 

(а) Kirchhoffs law 

(б) Faraday’s law (c) Baur’s law 
(d) None of the above 

The property of a capacitor to store 

electricity is called its 

(a) capacitance (6) charge 

(c) energy ( d) none of the above 
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3.124. „. is that property of a capacitor 

which delays any change of voltage 
across it. 

(a) Inductance ( b ) Capacitance 

(c) Potential gradient 

(d) None of the above 

3.125. Capacitance of a multiplate capacitor is 
given by 

, . (n - 1)80$tA ,,v (n - l) 2 eo z r A 

■ te> — 7— (6) —?— 

, x (» - l) 606 rA 2 / n (« - l) 808 rA 

(C) - 5 ““ ^- d - 

3.126. In a concentric cable capacitor the 
diameters of the inner and outer 
cylinders are 3 and 10 mm respectively. 
It e r for insulation is 3, find its capaci¬ 
tance per metre. . 

(a) 100 pF ( b ) 110 pF 

(c) 118.8 pF (d) 138.8 pF 

3.127. Two capacitors of capacitance 4 fiF and 
2 fiF respectively, are joined in series 
with a battery of e.m.f. 100 V. The 
connections are broken and the like 
terminals of the capacitors are then 
joined. The final charge on each capaci¬ 
tor will be 

(a) 50 fjiC, 25 fiC (6) 178 fiC, 89 \iC 
(c) 200 fiC, 170 \iC {d) 300 |xC, 280 fiC 

3.128. Two capacitors A and B are connected 
in series across a 100 V supply and it 
is observed that the p.ds . across them are 
60 V and 40 V respectively. A capacitor 
of 2 fiF is now connected in parallel with 
A and p.d. across B rises to 90 V. What 
ift capacitance of A and B in fiF ? 

(а) 0.16 fiF, 0.24 fiF 

(б) 0.23 fiF, 0.42 fiF 

(c) 0.64 fiF, 0.9 fiF 

(d) 1.2 fiF, 1.8 fiF 

3.129. An air capacitor of capacitance 0.005 
fiF connected to a direct voltage of 500 
V is disconnected and then immersed 
in oil with a relative permittivity of 2.5. 
What is the energy stored in the 
capacitor before and after immersion. 

(a) 125 x KT 6 J, 50 x 10" 6 J 

(b) 625 x 10" 6 J, 250 x ICE 6 J 


(c) 800 x KT 6 J, 400 x KT 6 J 
(cO none of the above 

3.130. A capacitance of 100 fiF is connected in 
series with a resistance of 8000 Q. The 
time constant of the circuit is 

(a) 0.2 s (6) 0.4 s 

(c) 0.6 s (d) 0.8 s 

3.131. In a cable capacitor, voltage gradient is 
maximum at the surface of the 

(a) earth (b) conduction 

(c) sheath (d) insulator 

3.132. The time constant of an R-C circuit is 
defined as the time during which 
capacitor charging voltage actually 

rises to.percent of its ...... value. 

(a) 37, initial ( b ) 63.2, initial 

(c) 63.2, final (d) 37, final 

3*133. The time constant and f?-C circuit may 
also be defined as the time during 

which the charging current falls to. 

percent of its initial maximum value, 
(a) 37 (6) 42 

. (c) 63 (< d) 73 

3.134. The capacitance of a capacitor is in¬ 
fluenced by' 

(a) plate area (b) plate separation 

(c) nature of dielectric 

(d) none of the above 

(e) all of the above 

3.135. A capacitor consists of two 

(а) ceramic plates and one mica disc 

(б) insulators separated by a dielectric 

(c) silver-coated insulators 

(d) conductors separated by an insulator 

Permittivity is expressed in 
(a) Farad/sq-m (6) Farad/metre 

(c) Weber/metre (d) Weber/sq-m 

Dielectric strength of a material depends 
on 

(а) moisture content 

(б) temperature 
(c) thickness 
(ct) all of the above 

(e) none of the above 

3.138. What will happen to an insulating 
medium if voltage more than the break¬ 
down voltage is applied on it ? 


3.136. 

3.137. 
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(а) It will become magnetic 

(б) It will melt 

(c) It will get punctured or cracked 

(d) Its molecular structure will get 
changed 

3.139. Which medium has the least dielectric 
strength ? 

(a) Paraffin wax (6) Quartz 

(c) Glass (d) Air 

3.140. 1 volt/metre is same as 

(а) 1 metre/coulomb 

(б) 1 newton metre 

(c) 1 newton/metre 

(d) 1 joule/coulomb 

3.141. One volt is the same as 

(а) one joule/coulomb 

(б) one coulomb/joule 

(c) one coulomb 

( d ) one joule 

3.142. The capacitance between two plates in¬ 
creases with 

(а) shorter plate area and higher ap¬ 
plied voltage 

(б) shorter plate area and shorter dis¬ 
tance between them 

(c) larger plate area, longer distance 
between plates and higher applied 
voltage 

(d) larger plate area and shorter dis¬ 
tance between plates 

3.143. The capacitance C is charged through 
a resistance R. The time constant of the 
charging circuit is given by 

(a) C/R (b) 1 /RC 

(c) RC (d) R/C 

3.144. The bridge used for the measurement 
of the value of the capacitance is 

(а) Wien’s bridge 

(б) Wheatstone bridge 

(c) Schering bridge 

(d) Hay’s bridge 

3.145. A capacitor of 80 \iF is charged to a p.d. 

of 250 V. The charge acquired by it is 
(a) 0.02 C (6) 0.2 C 

(c) 0.3 C (eft 0.4 C 

3.146. If an ohmmeter reading immediately 
goes practically to zero and stays there, 
capacitor is 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(a) charged (b) short-circuited 

(c) lossy (d) satisfactory 

3.147. A capacitance of 1 \iF equals 

(a) 1(T 12 F 1BTL0- 8 F 

(c) 10- 6 F (d) 10- 4 F 

3.148. Voltage applied across a dielectric pro¬ 
duces an electrostatic field 50 times 
greater than air. The dielectric con¬ 
stant of the dielectric will be 

(a) 5 (b) 10 

(c) 20 (d) 50 

3.149. Out of the following capacitors of iden¬ 
tical rating which one will have the 
smallest dimensions ? 

(а) Aluminium foil capacitor 

(б) Mica capacitor 

(c) Ceramic capacitor 

(d) Paper capacitor 

3.150. An uncharged conductor is placed near 
a charged conductor, then 

(a) the uncharged conductor gets 
charged by conduction 

(b) the uncharged conductor gets 
charged by induction and then at¬ 
tracted towards the charging body 

(c) the uncharged conductor is attract¬ 
ed first and then charged by induc¬ 
tion 

(d) it remains as such 

3.151. The presence of an uncharged conduc¬ 
tor near a charged one increases the 

(a) charge of the charged conductor 

(b) capacity of the charged conductor 

(c) potential of the charged conductor 

(d) all of the above 

3.152. Paper condenser is 

(а) always polarised 

(б) usually of fixed value 

(c) electrolytic condenser 

(d) a variable condenser 

3.153. Mica capacitors are characterised by 
all of the following except 

(а) stable operation 

(б) accurate value 

(c) low leakage reactance 

(d) low losses 

3.154. A variable capacitor of 100 |nF carries 
a charge of 0.35 \iC. The capacitance is 
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subsequently reduced to 40 pF. The 
voltage appearing across the capacitor 
after reduction of its capacitance will be 

(a) 8750 V ( b ) 4350 V 

(c) 2000 V (d) 1500 V 

3.155. A potential of 400 V is applied to a 

capacitor, the plates of which are 4 mm 
apart. The strength of electric field is 

(a) 100 kV/m ( b ) 10 kV/m 

(c) 5 kV/m ( d ) 2 kV/m 

3.156. For a good 0.05 \xF capacitor ohmmeter 
reading should 

(а) show low resistance momentarily 

and back off to a very high resis¬ 
tance f 

(б) show high resistance momentarily 
and then a very low resistance 

(c) go quickly to 50 ohm approximately 
and remain there 

( d ) not move at all 

3.157. The ohmmeter reading for a short cir¬ 
cuited capacitor is 

(a) infinity (6) few kilo ohms 

(c) few megaohms (d) zero 

3.158. Which of the following capacitors will 
have least energy stored in it ? 

(а) A 20 pF capacitor charged to 400 V 

(б) A 1 pF capacitor charged to 5 kV 

(c) A 600 pF capacitor charged to 15 kV 

(d) Energy stored in each above will be 
same 

3.159. Which of the following statements is 

correct ? 

(а) Mica capacitors are available in 
capacitance values of 5 to 20 jiF 

(б) Air capacitors have a black band to 
indicate the outside foil 

(c) Electrolytic capacitors must be con¬ 
nected in correct polarity 

(d) Ceramic capacitors must be con¬ 
nected in correct polarity 

3.160. Which of the following capacitors pre¬ 
ferred for high frequency circuits ? 

(а) Air capacitor 

(б) Electrolytic capacitor 
(c) Mica capacitor 

id) none of the above 


3.161. An electrolytic capacitor is generally 
made to provide 

(а) low capacitance 

(б) fixed capacitance 

(c) variable capacitance 

(d) large value of capacitance 

3.162. In order to remove static electricity 
from machinery 

(a) construct insulated cabins 

( b ) insulate the machinery 

(c) ground the framework 

(d) humidify the surroundings 

3.163. If a third equal and similar charge is 
placed between two equal and similar 
charges, then tbis third charge will 

(a) move out of the field of influence of 
the two charges 

(b) remain in stable equilibrium 

(c) not be in equilibrium 

{d) be in unstable equilibrium 

3.164. A region around a stationary electric 
charge has 

(а) an electric field 

(б) a magnetic field 

(c) both (a) and (6) 

(d) none of the above 

3.165. The minimum value of potential gradient 
in a cable occurs in 

(a) insulation ( b ) conductor 

(c) outer sheath 

(d) uniformly all over 

3.166. Dielectric strength of medium 

(а) increases with rise in temperature 

(б) increases with moisture content 

(c) is same for all insulating materials 

(d) none of the above 

3.167. A charge which when placed in vacuum 

from an equal and similar charge repels 
with a force of 9 x 10 3 N, is known as 
(a) milli-coulomb (b) micro-coulomb 

(c) pico-coulomb (d) coulomb 

3.168. Dielectric strength of a medium is 
usually expressed in 

(a) J/mm (b) C/m 2 

(c) kV/mm (d) N/mm 

3.169., Which of the following medium will 
have highest value of relative permit¬ 
tivity ? 
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(a) Water (b) Glass 

(c) Mica (d) Paper 

3.170. A positive and anegative charge are^ 
initially 50 mm apart. When they are 
moved close together so that they are 
now only 10 mm apart, the force be¬ 
tween them will be 

(а) 5 times smaller than before 

(б) 5 times greater than before 
(c) 10 times greater than before 
id) 25 times larger than before 

3.171. “The force of attraction or repulsion 
between two charges Qi and Q 2 at a 
distance d metres apart is proportional 
to the product of charges and inversely 
proportional to the square of the dis¬ 
tance between the two charges”. 

• The above statement is associated with 
(a) Maxwell’s law ( b ) Lenz’s law 

(c) Coulomb’s law (< d ) Faraday’s law 

3.172. Which is the most superior dielectric 

, ' out of the following ? 

(a) Air (6) Glass 

(c) Bakelite (d) Papefr 

3.173. When a dielectric is placed in an electric 
field the field strength 

(a) decreases (6) increases 

(c) reduces to zero 

(d) remain unchanged 

3.174. To prevent the generation of static 
charges on rubber or flat leather 

(а) surface is moistened 

(б) conductive dressing is done 

(c) oil compound dressing is done 

(d) talcum powder is sprayed on the 
surface 

3.175. A capacitor having a capacitance of 40 
pF is connected across 250 V D.C. 
source. The charging current will be 
least 

(а) when capacitor is fully charged 

(б) when capacitor is half charged 

(c) when capacitor is almost 25% 
charged 

(d) initially 

3.176. A variable capacitance is one whose 
capacitance 


ELECTRICAL ENGINEERING ^OBJECTIVE TYPE) 

(a) changes with temperature 

(b) changes with time 

-(e)-can be changed manually or by 
mechanical means 
(d) changes with voltage 

3.177. In case of lo^y capacitor, its series 
equivalent resistance value will be 

(a) large ( b ) small 

(c) very small (d) negligible 

3.178. Which of the following capacitor is 
preferred in case of single phase motor ? 

(а) Mica capacitor 

(б) Paper capacitor 

(c) Electrolytic capacitor 

(d) Ceramic capacitor 

3.179. A capacitance is a circuit component, 
that opposes the change in circuit 

(a) current ^ ( b ) voltage 

(c) impedance 

(d) none of the above 

3.180. If Q and C be the charge and capacity 
of a condenser, then the energy stored 
in the capacitor is given by 

(a) i C 2 Q (6) i Q 2 /C 2 

{c)\Q 2 IC {d) \ C 2 Q 2 

3.181. A condenser suitable for D.C. only is 

(а) metallic plate variable gang con¬ 
denser 

(б) metallic paper capacitor 

(c) oil impregrated paper condenser 

(d) poled aluminium electrolytic con¬ 
denser 

3.182. In a capacitor, the electric charge is 
stored in 

(а) metal plates 

(б) dielectric 

(c) dielectric as well as metal plates 

(d) none of the above 

3.183. Internal heating of a capacitor is usual¬ 
ly attributed to 

(a) electron movement 
(fc) leakage resistance 

(c) dielectric charge 

(d) plate vibration 
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3,184. Total capacitance between the points L 
and M is 

(a) 1.45 jiF (fe) 1.85 pF 

(c) 2.05 (rf)4.05^F 

2//F 2>WF 2>UF 



Fig. 3.5 

3.185. If the dielectric of a capacitor is replaced 
by a conducting material 

(а) the capacitance value of the capacitor 
will shoot upto very high value 

(б) the capacitor can store infinite 
charge 

(c) the plates will get short-circuited 

(d) the capacitor will get heated up due 
to eddy currents 

3.186. The electrons, in a dielectric, get detach¬ 
ed from the atoms under 

(а) high current 

(б) high voltage 

(c) variable current 

( d) breakdown 

B. Fill in the Blanks/Say *Yes* or W : 

3J.91.is a branch of science which deals 

with electricity at rest. 

3.192. The . of the body is defined as the 

total excess or deficit of electrons. 
3493. The force existing between two charged 
bodies is called a/an.field. 

3.194. The insulator between the plates of a 

capacitor is called a/an. 

3.195. A dielectric between two plates will 

break down if the . becomes too 

high. 

3.196. Electrostatic field strength is measured 

in. 

3.197. The charge in a capacitor is stored in 

the.field. 


3.17 

3.187. When a capacitor undergoes a dielectric 
breakdown 

(а) dielectric stores energy rendering 
plates chargeless 

(б) electrons get scattered 

(c) electrons cease to move from one 
plate to another 

( d ) permanent conduction path is es¬ 
tablished between plates 

3.188. If Cbe the capacitance, V be the poten¬ 
tial difference and I be the current, 

then ~~y will have the unit of 

(a) frequency (6) power 

(c) reactive power (d) time 

3.189. If a current of 2 A passes through a 
lamp for 200 seconds, the number of 
coulombs of charge passing through the 
lamp in that time will be 

(a) 100 C (b) 200 C 

(c) 300 C (d) 400 C 

3.190. A ceramic and a mica capacitor have 
the same physical dimensions. Which 
has the higher value of capacitance ? 

(а) Ceramic capacitor 

(б) Mica capacitor 

(c) Both have identical value of capaci¬ 
tance 

(d) It is not possible to conclude on the 
basis of information supplied 


3.198. The unit of capacitance is the. 

3.199. The amount of energy in the joules that 

can be stored in a capacitor equals. 

3.200. Permittivity is the ease with which an 
electrostatic field can be established in 

a dielectric. The value is known as. 

constant. 

3.201. An electric charge represents potential 
energy because work is done in adding 
or subtracting electrons. (Yes/No) 

3.202. Like charges attract and unlike char¬ 
ges repel each other. (Yes/No) 

3.203. The relative permittivity is measured 

by choosing vacuum or free space as 
reference medium. (Yes/No) 
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3.204. 1 pC = 10 -5 C (coulombs). (Yes/No) 

3.205. Electric intensity at any point in an 

electric field is equql to the potential 
gradient at that point. (Yes/No) 

3.206. Electric displacement is given by nor¬ 
mal flux per unit area. (Yes/No) 

3.207. An.surface is one having all points 

at the same potential. 

3.208. The.is the rate of change of potential 

measured in the direction of electric 
force. 

3.209. The potential gradient is numerically 

equal to the. 

3.210. A . is a device capable of storing 

electric charge. 

3.211. is a measure of the ability of a 

capacitor to store an electric charge. 

3.212. The capacitance of a multiplate 
capacitor is given by : 

(n-l) 2 e 0 e r A 

C = - 5 - . (Yes/No) 

t 2 

3.213. The energy stored in the capacitor ...... 

the work done to put the charge on the 
capacitor in opposition to the voltage on 
the capacitor. 

3.214. The.material of a capacitor largely 

determines the characteristics of the 
capacitor. 

3.215. The capacitors are usually identified by 

the.used. 

3.216 .capacitor is mainly used for radio 

work where it is required to vary the 
capacitance. 

3.217 .capacitors are the cheapest type 

but physically bigger than several 
other types. 

3.218. The main application of.capacitors 

is in power supplies for filtering. 

3.219 .capacitors are mainly used in high- 

frequency circuits when it is necessary 
to reduce to minimum the loss in 
dielectric. 

3.220 .capacitors are used in the com¬ 

munication electronics field. 

3.221 .capacitor is used only for D.C. ap¬ 

plications. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

3.222. Science dealing with charges at is rest 

is called.electricity and that deal¬ 
ing with charges in motion is called. 

electricity. 

3.223. Two charge each of one coulomb when 
placed one metre apart in air will repel 

or attract each other with a force of. 

newtons. 

3.224. According to Gauss’s theorem, total 

electric flux emanating from the sur¬ 
face surrounding a charge of Q coulomb 
is. 

3.225. Capacity ratio of a capacitor with di¬ 

electric medium to that with air medium 
is called. 

3.226. Potential at any point inside a charged 

hollow sphere is. as at different 

points. 

3.227. One electron volt of energy is equal to 
.joules. 

3.228. A stationary electric charge produces 
.field. 

3.229. At any point inside the charged hollow 

sphere electric.is zero. 

3.230. Space where unit positive charge ex¬ 
periences force is called.and mag¬ 
nitude of this force gives the. 

3.231. Electric lines of force are supposed to 

.positive charge and .negative 

charge. 

3.232. Capacitance of an isolated sphere is 


3.233. A capacitor can store the charge be¬ 

cause it has dielectric between the two 
conductors. (Yes/No) 

3.234. The thinner the dielectric, the more the 
capacitance and lower is the voltage 
breakdown rating for a capacitor. 

(Yes/No) 

3.235. The dissipation factor of a good di¬ 

electric is practically same as power 
factor of the dielectric. Yes/No) 

3.236. A capacitor takes 1 second for 0.1 ampere 
charging current when connected to 250 
V D.C. supply, then the capacitor has a 

charge of.coulomb and the capacity 

of the capacitor is.pF. 
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F.LBCTROSTATICS AND CAPACITANCE 

3.237. Three capacitors of different values are 
in series across a source of Vvolts, then 
voltage across each is same. (Yes/No) 

3.238. A stationary electric charge situated in 

a magnetic field experiences a mechani¬ 
cal force. (Yes/No) 

3.239. Potential of every point inside a Jiollow 

charged sphere is same. (Yes/No) 

3.240. Three capacitors of different values are 
in series across a source of V volts then 


3.19 

charge across each is same.. (Yes/No) 

3.241. Electric field intensity is numerically, 
same as potential gradient at the point. 

(Yes/No) 

3.242. Two point charges + Q and - Q are 

placed distance d apart. The resultant 
electric field will be parallel to the line 
joining^he two charges at point lying 
on. 


ANSWERS 

(Electrostatics and Capacitance) 
A. Choose the Correct Answer: 


3.1. (b) 

3.2. (6) 

3.3. (e) 

3.4. (c) 

3.5. (a) 

3.6. (6) 

3.7. (b) 

3.8. (a) 

3.9. (b) 

3.10. (d) 

3.11. ( b ) 

3.12. (a) 

3.13. (b) 

3.14. (6) 

3.15. (a) 

3.16. (6) 

3.17. (b) 

3.18. (a) 

3.19. (c) 

3.20. (d) 

3.21. (d) 

3.22. (d) 

3.23. (6) 

3.24. (c) 

3.25. (a) 

3.26. ( b) 

3.27. (a) 

3.28. (6) 

3.29. (b) 

3.30. (a) 

3.31. ( b ) 

3.32. (c) 

3.33. (d) 

3.34. (b) 

3.35. (a) 

3.36. (6) 

3.37. (c) 

3.38. (c) 

3.39. (6) 

3.40. (6) 

3.41. (a) 

3.42. (c) 

3.43. (a) 

3.44. (d) 

3.45. (b) 

3.46. (6) 

3.47. (d) 

3.48. (a) 

3.49. (b) 

3.50. ( b ) 

3.51. (6) 

3.52. (a) 

3.53. (c) 

3.54. (b) 

3.55. (c) 

3.56. (b) 

3.57. (6) 

3.58. (a) 

3.59. (d) 

3.60. (a) 

3.61. (6) 

3.62. (d) 

3.63. (c) 

3.64. (6) 

3.65. (c) 

3.66. (d) 

3.67. (c) 

3.68. (a) 

3.69. (6) 

3.70. (a) 

3.71. (6) 

3.72. (d) 

3.73. (b) 

3.74. (c) 

3.75. (6) 

3.76. (d) 

3.77. (b) 

3.78. (b) 

3.79. (b) 

3.80. (b) 

3.81. ( d) 

3.82. (c) 

3.83. (a) 

3.84. (b) 

3.85. (c) 

3.86. (d) 

3.87. (6) 

3.88. (d) 

3.89. (a) 

3.90. (6) 

3.91. (c) 

3.92. (c) 

3.93. (d) 

3.94. (a) 

3.95. (6) 

3.96. (a) 

3.97. (d) 

3.98. (b) 

3.99. (a) 

3.100. (a) 

3.101. (d) 

3.102. (a) 

3.103. (d) 

3.104. (d) 

3.105. (a) 

3.106. (a) 

3.107. (c) 

3.108. (d) 

3.109. (6) 

3.110. (a) 

3.111. (c) 

3.112. (c) 

3.113. (a) 

3.114. (c) 

3.115. (a) 

3.116. (b) 

3.117. (a) 

3.118. (d) 

3.119. (a) 

3.120. (a) 

3.121. (b) 

3.122. (c) 

3.123. (a) 

3.124. (6) 

3.125. (d) 

3.126. (d) 

3.127. (6) 

. 3.128. (a) 

3.129. (b) 

3.130. (d) 

3.131. (b) 

3.132. (c) 

' 3.133. (a) 

3.134. (e) 

3.135. (d) 

3.136. (6) 

3.137. (d) 

3.138. (c) 

3.139. (d) 

3.140. (c) 
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3.141. 

(a) 

3.142. (d) 

3.143. (c) 

3.144. (c) 

3.145. (a) 

3.146. 

(.b) :: 

3.147. (c) 

3.148. (d) 

3.149. (c) 

3.150.(6) 

3.151. 

(6) 

3.152. (6) 

3.153. (c) 

3.154. (a) 

3.155. (a) 

3.156. 

(a) 

3.157. (d) 

3.158. (c) 

3.159. (c) 

3.160. (c) 

3.161. 

(d) 

3.162. (c) 

3.163. (6) 

3.164. (a) 

3.165. (a) 

3.166. 

(d) 

3.167. ( b) 

3.168. (c) 

3.169. (a) 

3.170. (d) 

3.171. 

(c) 

3.172. (c) 

3.173. (a) 

3.174.(6) 

3.175. (a) 

3.176. 

(c) 

3.177. (a) 

3.178. (c) 

3.179. (6) 

3.180. (c) 

3.181. 

(d) 

3.182. ( b) 

3.183. (b) 

3.184. (c) 

3.185. (c) 

3.186. 

(d) 

3.187. (d) 

3.188. (a) 

3.189. ( d) 

3.190. (a) 

B. Fill in the Blanks/Say ‘Yes' or ‘No*: 



3.191. 

Electrostatics 

3.192. charge 


3.193. electrostatic 

3.194. 

dielectric 


3.195. Voltage 


3.196. volts/metre 

3.197. 

electrostatic 


3.198. farad 


3.199. i CV 2 

A 

3.200. 

dielectric 


3.201. Yes 


3.202. No 

3.203. 

Yes 


3.204. No 


3.205. Yes 

3.206. 

Yes 


3.207. equipotential 


3.208. potential gradient 

3.209. 

field strength 


3.210. capacitor 


3.211. Capacitance 

3.212. 

No 


3.213. equals 


3.214. dielectric 

3.215. 

dielectric 


3.216. Air 


3.217. Paper 

3.218. 

paper 


3.219. Mica 


3.220. Ceramic 

3.221. 

Electrolytic 


3.222. static, dynamic 

3.223. 9 x 10 9 

3.224. 

Q coulombs 


3.225. relative permittivity 

3.226. same 

3.227. 

1.6 x 1(T 19 


3.228. electric 


3.229. field 

3.230. 

electric field, electric intensity 



2.231. 

emanate from, terminate on 

3.232. 4 3Te 0 e r r 


3.233. Yes 

3.234. 

Yes 


3.235. Yes 


3.236.0.1,400 

3.237. 

No 


3.238. No 


3.239. Yes 

3.240. 

Yes 


3.241. Yes 


. 


3.242* Perpendicular bisector of d . 

□ □ 
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Magnetism and Electromagnetism 

4.1. MAGNETIC FIELD 

Magnetism. It is defined as the property which certain materials have that permits them to 
produce or conduct magnetic lines of force. 

Magnet. It is an object about which a magnetic field exists and is either natural or man-made. 
The latter type can be either temporary or permanent. 

— Each magnet has a magnetic field around it just on the earth does. The magnet field is 
strongest at the end of the magnet. In the centre of the magnet the strength is negligible . 
— Magnetic lines of force (also called magnetic flux) have direction similar to the motion of 
electric charges. A magnet has a north pole and a south pole just as electric charges are 
either negative or positive. 

— Like poles of magnets repel whereas unlike poles attract. 

— Magnetism can be induced in a magnetic material by placing it in a magnetic field. 

— The lines of force tend to spread away from each other because of the mutual repulsion 
between the lines . Thus a magnetic field extends outward from the magnet, and the lines 
are wider spaced (less energy) as the distance from the magnet increases. 

4.2. TERMS CONNECTED WITH MAGNETIC MATERIALS 

1. Magnetic force. It is the force exerted by one magnet on another to attract it or repel it. 

2. Unit pole strength. It is defined as the strength of that pole which when placed in a vacuum 
at a distance of one metre from a similar and, equal pole, repels it with a force of one newton . 

3. Magnetic flux density (B). It is defined as the flux (<j>) or lines of force passing per unit 
area : (A) through any substance through a plane at right angles to the direction of magnetic flux ; it 
is measured in Wb/m 2 (or T, i.e., Tesla) 

Mathematically, - B=^- ...(4.1) 

4. Magnetic field strength. It may be defined in the following two ways : 

(i) Field strength at any point within a magnetic field is the number of lines of force passing 
through a unit area round, the point considered and help perpendicular to the lines. 

C ii ) Field strength at any point within a magnetic field is the force exerted by a unit North pole 
at that point. 

5. Relative permeability (jx r ). It is the ratio of flux density (B) produced in that material to 
the flux density produced in vacuum by the same magnetising force (H). It is denoted by jit,. 

K 

(|i,. = 1 + —, where K is susceptibility). 

Eo 
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6. Absolute permeability (n). It is the ratio of flux density in that material to the magn etising 
force producing that flux density and is denoted by p ; \i = po Mr 5 where jxq is the permeability of free 
space having a value of 4 jt x 10 -7 H/m. 

7. Magnetic potential. The magnetic potential at any point within a magnetic field is 
measured, by the work done in carrying a unit north pole from infinity to that point against the force 
of magnetic field.. 

8. Intensity of magnetisation (I). It is defined as the pole strength per unit area of the bar 
or magnetic moment per unit volume of the bar. It is denoted by letter /. 

9. Susceptibility (K). It is defined as the ratio of intensity of magnetisation (I) to magnetising 
force (H). 

Mathematically, K = -jj ...(4.2) 

H 

10. Magnetomotive force (m.m.f.). It is that force which drives or tends to drive the flux 
through a magnetic circuit. In short it is written as m.m.f. It is the product of number of turns (AO 
and current (I) in amperes in those turns, i.e., m.m.f. = NI. 

11. Magnetic reluctance. It is that property of the material which opposes the production 
of magnetic flux in it. 

12. Co-ercive force. It may be defined as the demagnetising force which is necessary to 
neutt'alise completely the magn etism in an electromagnet after the value of magnetising force 
becomes zero. 

13. Remanance. It is defined as the magnetic flux density which still persists in magnetic 
material even when the magnetising force is completely removed. It is expressed in Wb/m 2 (or T). 

14. Retentivity. It is that property of magnetic material which is measured by its maximum 
value of the residual induction. 

4.3. CLASSIFICATION OF MAGNETIC MATERIALS 

In accordance with the value of relative permeability the magnetic materials may be classified 
in the fo lip wing three ways : 

1. Ferromagnetic materials. The relative permeabilities of these materials are much 
greater than unity and are dependent on the field strengths. 

Examples. Iron , cobalt and nickel. 

Gadolinium however also comes under this classification. These materials have high suscep¬ 
tibility. 

2. Paramagnetic materials. These have relative permeability slightly greater than unity 
and are magnetised, slightly. 

Examples. Aluminium , platinum and oxygen. 

3. Diamagnetic materials. The relative permeability of these materials is slightly less than 
unity. They repel the lines of force slightly. 

Examples. Bismuth, silver copper and hydrogen. 

4.4. MAGNETICALLY SOFT MATERIALS 

The magnetically soft materials {suitable for making electromagnets) are characterised as 
follows : 

1. They have high permeability. 

2. The magnetic energy stored is not high. 
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4.3 


3. They have negligible co-ervice force (due to which these are not suitable for making 
permanent magnets). 

4. They have low remanance. 

Examples. Pure or ingot iron , manganese and nickel steels, cast iron, silicon steels , carbon 
steels, mumetal, perminvar, permallosy. 

4.5. MAGNETICALLY HARD MATERIALS 


These are suitable for making permanent magnets and have the following characteristics : 

1. They possess high value of BH product. 

2. High retentivity. 

3. High co-ercivity. 

4. Strong magnetic reluctance. 

4. Hysteresis Loop is more rectangular in shape. 

Examples. Tungsten steel, cobalt steel, chromium steel, alnico, cunife, hypernic. 

4.6. LAWS OF MAGNETIC FORCE 


Coulomb, through his experiments found that the force between two magnetic poles placed in 
a medium is 

(i) directly proportional to their pole strengths (m l , w 2 ), 

(ii) inversely proportional to the square of the distance (d) between them, and 

(Hi) inversely proportional to the absolute permeability (p) of the surrounding medium. 


i.e ., 


F oc 


m\ m% 


or 

(where k = constant) 


F = k 


mpn<i 

ltd 2 


In the S.I. system, the value of k = ~z — 

4 jt 


m\ m2 


m\ m 2 


An \id 2 4 n hq \i r d 2 
(V p = 


...(4.3) 


4.7. MAGNETIC FIELD DUE TO A CURRENT CARRYING CONDUCTOR 


—* When an electric current flows through a 
wire itself. This can be seen using a card¬ 
board, iron filings, and a current-carrying 
wire. When the wire passed through the 
cardboard and the current flowing, iron 
filings are sprinkled on to the cardboard. 
They can be seen arranging themselves in 
a magnetic field (Fig. 4.1). The magnetic 
lines of force are referred to as flux. Just 
as in a natural magnet, the field is 
strongest near the wire and diminishes as 
the distance from the wire increases. 


wire, a magnetic field is built up around the 



Fig. 4.1. Magnetic field around a wire that 
is carrying electric current. 
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> — Flux around a wire does have direction. Flux direction is determined by the direction of 

electron flow within the wire. As shown in Fig. 4.2, the North pole of the compass needle 
indicates the direction of flux or magnetic field, around, the wire. The dot in the centre oft 



Fig. 4.2. Compasses indicate the direction of flux around a wire. 

the wire on the left indicates the point of the current-direction arrow coming toward the 

observe ; the X at the right represents the tail of the current arrow pointing away from 
the observer. If the direction of electron flow within the wire is reversed, the compass 
needles will reverse themselves, indicating a change in flux direction. 

Right hand rule (or right hand screw rule) 

The direction of the magnetic field can be found by using right hand rule or the right hand, 
screw rule. The right hand rule states as follows : 

i( Grasp the wire in the right hand, with the thumb pointing in the direction of the current. The 
fingers will curl around the wire in the direction of the magnetic field”. 


Fig. 4.3 illustrates this rule. 

The right hand screw rule can be ex¬ 
plained as follows: 

As a wood screw is turned clockwise 
it moves (or progresses) into the wood. The 
horizontal direction of the screw is analogous 
to the direction of current in a conductor. The 
circular motion of the screw shows the direc¬ 
tion of the magnetic flux around the conduc¬ 
tor. 


m 


Thumb points 
the current 
direction 


Conductor 



Fingers point in 
direction of lines 
of force 


Fig. 4.3. Right hand rule (or right hand screw rule). 


4.8. FORCE ON A CURRENT-CARRYING CONDUCTOR LYING IN A MAGNETIC FIELD 

Refer Fig. 4.4. It has been found that whenever a current-carrying conductor is placed, in a, 
magnetic field, it experiences a force which acts in a direction perpendicular both to the direction of 
the current and the field. 

The force developed in the conductor is given by the relation : 

F = Bll newtons ...(4.4) 

( = Eo Mr newtons) 
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where F = force developed in the conductor 

B = flux density, T (Wb/m 2 ) 

/ = current in the conductor, A 
l = exposed length of the conductor, m 

|io = absolute permeability 
g r = relative permeability 
H = magnetising force 



T7 f A 


f ( 

> * 

; s ) 





A 



cn (in 

(a) Pole Field (b) Conductor Field 




(d) 


Motion of the 



Fig. 4.4. Force on a current carrying con - Fig. 4.5. Fleming's left hand, rule, 

ductor lying in a magnetic field. 

The direction of this force may be easily found, by Fleming's left hand rule which states as 
follows : 

“Hold your left hand with index finger , middle finger and, thumb at right angles. If the index 
finger points in the direction of the flux from north to south and. middle finger points in the direction 
of the imposed, voltage and its resulting conventional current flow , then the thumb will point in the 
direction of the force that is developed 


4.9. MAGNETISING FORCE (H) OF A LONG STRAIGHT CONDUCTOR AND A LONG 
SOLENOID 


and 


where 


Long Straight Conductor: 

NI 

H = i^ATIm 
2 nr 

B = - —-Wb/m 2 (or T) ... in a medium 

2 nr 

- — Wb/m 2 (or T) ... in air 

-2 n r 

r = distance of the point from the centre of tl^e conductor. 

Long solenoid : 



AT 

l 


AT/m 


...(4.5) 
...[4.6 (a)] 
...[4.6(6)1. 

...(4.7) 
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and 


no VtNI . ,. 

B =-:-... m a medium 


no Nl 
l 


... in air 


4.10. FORCE BETWEEN PARALLEL CONLUCTORS—AMPERE’S LAW 


...[4.8(a)] 

...[4.8(6)] 


F= ^Jlhl newtons ...(4.9) 

2nd 

where F = force between two parallel conductors 

I\ f I 2 = currents flowing through two parallel conductors 
l = length of each conductor, and 
d = distance between the conductors. 

Eqn. (4.9) is known as Ampere’s law and is used to define the ampere 
in S.I. units. 

If / = d = 1 m ; I\ = I 2 = 1A, then F - 2 x 1CT 7 N 
Hence, one ampere is defined as follows : 



“An ampere is that current when flowing in each of the two infinitely 
long parallel conductors situated in vacuum and separated 1 metre between 
centres, produces on each conductor a force of 2 x 1(T 7 Nper metre length 

Fig. 4.6. Force between 
two parallel conductors. 



OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer: 

4.1. Tesla is a unit of 

(a) field strength (6) inductance 
(c) flux density (cf) flux 

4.2. A permeable substance is one 

(а) which is a good conductor 

(б) which is a bad conductor 

(c) which is a strong magnet 

(d) through which the magnetic lines of 
force can pass very easily 

4.3. The materials having low retentivity 
are suitable for making 

(а) weak magnets 

(б) temporary magnets 

(c) permanent magnets 

(d) none of the above 

4.4. A magnetic field exists around 

(a) iron (6) copper 

(c) aluminium (d) moving charges 


4.5. A magnet does not attract 

(a) cobalt (6) nickel 

(c) copper ( d ) iron 

4.6. Aluminium and. platinum are . 

materials. 

(a) ferromagnetic (6) diamagnetic 
(c) paramagnetic ( d ) insulating 

4.7. Ferrites are.materials. 

(a) paramagnetic (b) diamagnetic 

(c) ferromagnetic 

(d) none of the above 

4.8. Air gap has.reluctance as compared 

to iron or steel path 

(a) little (6) lower 

(c) higher ( d ) zero 

4.9. The direction of magnetic lines of force 
is 

(a) from south pole to north pole 

( b ) from north pole to south pole 
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(c) from one end of the magnet to 
another - 

(d) none of the above 

4.10. Which of the following is a vector quan¬ 
tity Z 

(a) Relative permeability 

( b) Magnetic field intensity 

(c) Flux density 

( d) Magnetic potential 

4.11. The two conductors of a transmission 
line carry equal current / in opposite 
directions. The force on each conductor 
is 

(a) proportional to I 

(b) proportional to 1 2 

(c) proportional to distance between 
the conductors 

(d) inversely proportional to I 2 

4.12. A material which is slightly repelled by 
a magnetic field is known as 

(a) ferromagnetic material 

( b ) diamagnetic material 

(c) paramagnetic material 
{d) conducting material 

4.13. When an iron piece is placed in a mag¬ 
netic field 

(a) the magnetic lines of force will bend 
away from their usual paths in 
order to go away from the piece 

(b) the magnetic lines of force will bend 
away from their usual paths in 
order to pass through the piece 

(c) the magnetic field will not be af¬ 
fected 

(d) the iron piece will break 

4.14. Fleming’s left hand rule is used to find 

(а) direction of magnetic field due to 
current carrying conductor 

(б) direction of flux in a solenoid 

(c) direction of force on a current car¬ 
rying conductor in a magnetic field 

(d) polarity of a magnetic pole 

4.15. The ratio of intensity of magnetisation, 
to the magnetisation force is known as 

(а) flux density 

(б) susceptibility 

(c) relative permeability 

(d) none of the above 


4.7 

4.16. Magnetising steel is normals difficult 
because 

(a) it corrodes easily 

( b ) it has high permeability 

(c) it has high specific gravity 
(< d ) it has low permeability 

4.17. The left hand rule correlates to 

(a) current, induced e.m.f. and direc¬ 
tion of force on a conductor 

(b) magnetic field, electric field and 
direction of force on a conductor 

(c) self induction, mutual induction 
and direction of force on a conductor 

(d) current, magnetic field and direc¬ 
tion of force on a conductor 

4.18. The unit of relative permeability is 
(a) henry/metre (6) henry 

(c) henry/sq. m 

(d) it is dimensionless 

4.19. A conductor of length L has current I 

passing through it, when it is placed 
parallel to a magnetic field. The force 
experienced by the conductor will be 
(a) zero ( b ) BLI 

(c) B 2 LI (d) BLI 2 

4.20. The force between two long parallel 
conductors is inversely proportional to 

(a) radius bf conductors 

(b) current in one conductor 

(c) product of current in two conduc¬ 
tors 

{d) distance between the conductors 

4.21. Materials subjected to rapid reversal of 
magnetism should have 

(a) large area of B-H loop 

(b) high permeability and low hysteresis 
loss 

(c) high co-ercivity and high reten- 
tivity 

(d) high co-ercivity and low density 

4.22. Indicate which of the following material 
does not retain magnetism per¬ 
manently. 

(a) Soft iron (6) Stainless steel 

(c) Hardened steel 

(d) None of the above 

4.23. The main constituent of permalloy is 

(a) cobalt (6) chromium 

(c) nickel (d) tungsten 
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4.24. The use of permanent magnets is not 
made in 

(a) magnetoes (b) energy meters 

(c) transformers (d) loud-speakers 

4.25. Paramagnetic materials have relative 
permeability 

(a) slightly less than unity 

(b) equal to unity 

(c) slightly more than unity 

(d) equal to that ferromagnetic mate 
rials 

4.26. Degaussing is the process of 

(а) removal of magnetic impurities 

(б) removing gases from the materials 
(c) remagnetising metallic parts 

(< d ) demagnetising metallic parts 

4.27. Substances which have permeability 
less than the permeability of free space 
are known as 

(a) ferromagnetic (6) paramagnetic 
(c) diamagnetic (d) bipolar 

4.28. Two infinitely long parallel conductors 
in vacuum and separated 1 metre bet¬ 
ween centres when a current of 1 
ampere flows through each conductor, 
produce on each other a force of 

(a) 2 x 1CT 2 N/m (6) 2 x lCT 3 N/m 

(c) 2 x 10" 5 N/m (d) 2 x 10“ 7 N/m 

4.29. In the left hand rule, forefinger always 
represents 

(a) voltage (6) current 

(c) magnetic field 

(d) direction of force on the conductor 

4.30. Which of the following is a ferromag¬ 
netic material ? 

(a) Tungsten (6) Aluminium 

(c) Copper (d) Nickel 

4.31. Ferrites are a sub-group of 

(а) non-magnetic materials 

(б) ferro-magnetic materials 

(c) paramagnetic materials 

(d) ferri-magnetic materials 

4.32. Gilbert is a unit of 

(а) electromotive force 

(б) magnetomotive force 

(c) conductance (d) permittivity ■ 

4.33. The working of a meter is based on the 
use oi a permanent magnet. In order to 


* ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

protect the meter functioning from 
stray magnetic fields 

(a) meter is surrounded by strong mag¬ 
netic fields 

(b) a soft iron shielding is used 

(c) a plastic shielding is provided 

(d) a shielding of a non-magnetic mate¬ 
rial is used 

4.34. Reciprocal of permeability is 

(a) reluctivity (b) susceptibility 

(c) permittivity (d) conductance 

4.35. The relative permeability is less than 
unity is case of 

(a) ferromagnetic materials 

(b) ferrites 

(c) non-ferrous materials 

(d) diamagnetic materials 

4.36. Which of the following is the unit of 

magnetic flux density ? 

(a) weber (b) lumens 

(c) tesla 

(d) none of the above 

4.37. The magnetism left in the iron after 
exciting field has been removed is known 
as 

(а) permeance 

(б) residual magnetism 

(c) susceptance (d) reluctance 

4.38. Which of the following is not a unit of 
flux ? 

(a) Maxwell (6) Telsa 

(c) Weber (d) All of the above 

4.39. Which of the following is expected to 
have the maximum permeability ? 

(a) Brass (6) Copper 

(c) Zinc (d) Ebonite 

4.40. One telsa is equal to 

(a) 1 Wb/mm 2 (b) 1 Wb/m 

(c) 1 Wb/m 2 (d) 1 mWb/m 2 

4.41. How much will be flux density in 
tesla units for flux of 45 \i Wb through 
6 x 1(T^ m 2 ? 

(a) 0.075 T (6) 0.75 T 

(c) 0.65 T (d) 1.5 T 

4.42. Out of the following statements, con¬ 
cerning an electric field, which state¬ 
ment is not true ? 

(a) The electric intensity is a vector 
quantity 
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(b) The electric field intensity at a point 
is numerically equal to the force 
exerted upon a charge placed at 
that point 

(c) An electric field is defined as a point 
in space at which an electric charge 
would experience a force 

(d) Unit field intensity in the exertion 
of a force of one newton on a charge 
of one coulomb 

4.43. When a magnet is in motion relative to 
a coil the induced e.m.f. does not depend 
upon 

(a) resistance of the coil 

(b) motion of the magnet 

(c) number of turns of the coil 

(d) pole strength of the magnet 

4.44. One maxwell is equal to 

(a) 1CT 8 webers (b) 10 4 webers 
(c) 10^* webers (d) 10 8 webers 

4.45. Supermagnetic materials are com¬ 
posed of 

(а) ferromagnetic particles in ferro¬ 
magnetic matrix 

(б) non-ferromagnetic particles in para¬ 
magnetic matrix 

(c) ferromagnetic particles in a non¬ 
ferromagnetic matrix 

(d) none of the above 

4.46. When two ends of a circular uniform 
wire are joined to the terminals of a 
battery, the field at the centre of the 
circle 

(a) will be zero (6) will be infinite 
(c) will depend on the amount of e.m.f. 
applied 

0 d ) will depend on the radius of the 
circle 

4.47. Susceptibility is positive for 

(а) non-magnetic substances 

(б) diamagnetic substances 

(c) ferromagnetic substances 

(d) none of the above 

4.48. Two long parallel conductors carry 100 
A. If the conductors are separated by 20 
mm, the force per metre of length of 
each conductor will be 


4.9 

(a) 100 N (6) 10 N 

(c) IN (cQ 0.1 N 

4.49. A 300 mm long conductor is carrying a 
current of 10 A and is situated at right 
angles to a magnetic field having a flux 
density of 0.8 T ; the force on the con¬ 
ductor will be 

(a) 240 N (6) 24 N 

(c) 2.4 N (d) 0.24 N 

4.50. A 200 turn coil having an axial length 
of 30 mm and a radius of 10 mm is 
pivoted in a magnetic field having a 
flux density of 0.8 T. If the coil carries 
a current of 0.5 A, the torque acting on 
the coil will he 

(a) 4.8 N-m (6) 0.48 N-m 

(c) 0.048 N-m (d) 0.0048 N-m 
[Hint. Torque = 2 BIlNr N-m] 

4.51. The electromagnet has 50 turns and a 
current of 1 A flows through the coil. If 
the length of the magnet circuit is 200 
mm, what is the magnetic field 
strength ? 

(a) 2500 AT/m (6) 250 AT/m 
(c) 25 AT/m (d) 2.5 AT/m 

4.52. What is the magnitude and the direc¬ 
tion of force per 1.1 m length of a pair 
of conductors of a direct current line 
carrying 10 amperes and spaced 100 
mm apart ? 

(a) 22 x KT 8 N (6) 22 x 1(T 7 N 

(c) 22 x 1(T 6 N (d) 22 x 1(T 5 N 

Hint. F = N 

2 7td 

4.53. A square cross-sectional magnet has a 
pole strength of 1 x 10 -3 Wb and cross- 
sectional area of 20 mm x 20 mm. What 
is the strength at a distance of 100 mm 
from the unit pole in air ? 

(a) 63.38 N/Wb ( b ) 633.8 N/Wb 
(c) 6338 N/Wb (d) 63380 N/Wb 

Hint. H m . — —r N/Wb 

4n|xoM-r^ Z 

4.54. A point pole having a strength of 10 Wb 
is placed in a magnetic field at a dis¬ 
tance of 250 mm from another pole in 
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air and is acted upon by a force of 1.5 
N. What is the pole strength of the 
other pole ? 

(а) 147.9 x 10“ 7 Wb 

(б) 14.79 x l<r 7 Wb 

(c) 1.479 x 1(T 7 Wb 

( d) 0.1479 x 10“ 7 Wb 

4.55. The tubes of force within the magnetic 
material are known as 

(a) electric flux (b) lines of force 

(c) tubes of induction 

(d) none of the above 

4.56. The unit of flux is the same as that of 

(a) reluctance (b) resistance 

(c) permeance (d) pole strength 

4.57. Unit for quantity of electricity is 

(a) ampere-hour (b) watt 

(c) joule (d) coulomb 

4.58. The Biot-savart’s law is a general modi¬ 
fication of 

(a) Kirchhoffs law (b) Lenz’s law 
( c ) Ampere’s law (d) Faraday’s laws 

4.59. Magnetising force at the centre of a 
square (Fig. 4.7) is given by 

(a) -A/m (b) A/m 

JtV 

(c) A/m (d) A/m 



4.60. Field strength at the centre of a circular 
coil of radius r is 

NT NI 

(a) A/m (b) — A/m 

6r 2 r 

N 2 I N 2 1 2 

(c) A/m (d) A/m 

4.61. The most effective and quickest may of 
making a magnet from soft iron is by 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(a) placing it inside a coil carrying 
current 

(b) induction 

(c) the use of permanent magnet 
(<i) rubbing with another magnet 

4.62. The commonly used material for shield¬ 
ing or screening magnetism is 

(a) copper (b) aluminium 

(c) soft iron (d) brass 

4.63. If a copper disc is rotated rapidly below 
a freely suspended magnetic needle, 
the magnetic needle shall start rotating 
with a velocity 

(a) less than that of disc but in opposite 
direction 

(b) equal to that of disc and in the same 
direction 

(c) equal to that of disc and in the op¬ 
posite direction 

(d) less than that of disc and in the 
same direction 

4.64. A permanent magnet 

(a) attracts some substances and repels 
others 

(b) attracts all paramagnetic substan¬ 
ces and repels others 

(c) attracts only ferromagnetic sub¬ 
stances 

(d) attracts ferromagnetic substances 
and repels all others 

4.65. The retentivity (a property) of material 
is useful for the construction of 

(a) permanent magnets 

(b) transformers 

(c) non-magnetic substances 

(d) electromagnets 

4.66. The relative permeability of . 

materials is not constant. 

(a) diamagnetic (b) paramagnetic 
(c) ferromagnetic (d) insulating 

4.67. The . materials are a bit inferior 

conductors of magnetic flux than air. 
(a) ferromagnetic (b) paramagnetic 
(c) diamagnetic (d) dielectric 

4.68. Hysteresis loop in case of magnetically 

hard materials is more.in shape as 

compared to magnetically soft mate¬ 
rials. 
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(a) circular (6) triangular 

(c) rectangular 

( d) none of the above 

* 4.69. A rectangular magnet of magnetic mo¬ 
ment M is cut into two piece of same 
length, the magnetic moment of each 
piece will be 

(a) M (6) M/2 

(c) 2 M (d) M/4 

4.70. A keeper is used to 

(а) change the direction of magnetic 
lines 

(б) amplify flux (c) restore lost flux 

(d) provide a closed path for flux 

4.71. Magnetic moment is a 

(а) pole strength 

(б) universal constant 

(c) scalar quantity 

(d) vector quantity 

4.72. The change of cross-sectional area of 
conductor in magnetic field will affect 
'a) reluctance of conductor 

,6) resistance of conductor 

(e) (a) and (6) both in the same way 
(d) none of the above 

4.73. The uniform magnetic field is 

(а) the field of a set of parallel conduc¬ 
tors 

(б) the field of a single conductor 

(c) the field in which all lines of mag¬ 
netic flux are parallel and equidis¬ 
tant 

(d) none of the above 

4.74. The magneto-motive force is 

(а) the voltage across the two ends of 
exciting coil 

(б) the flow of an electric current 

(c) the sum of all currents embraced by 
one line of magnetic field 

( d ) the passage of magnetic field through 
an exciting coil 

4.75. What will be the current passing through 
the ring shaped air cored coil when 
number of turns is 800 and ampere 
turns are 3200 ? 

(a) 2 (6)4 

(c) 6 (d) 8 


4.11 

4.76. What will be the magnetic potential 

difference across the air gap of 2 cm 
length in magnetic field of 200 AT/m ? 
(a) 2 AT (6) 4 AT 

(c) 6 AT (d) 10 AT 

4.77. Which of the following statements is 
correct ? 

(а) The magnetic flux inside an excit¬ 
ing coil is lower than its outside 
surface 

(б) The magnetic flux inside an excit¬ 
ing coil is zero 

(c) The magnetic flux inside the excit¬ 
ing coil is greater than its outside 
surface 

{d) The magnetic flux inside the excit¬ 
ing coil is same as on its outside 
surface 

4.78. A certain amount of current flows 
through a ring-shaped coil with fixed 
number of turns. How does the mag¬ 
netic induction B varies inside the coil 
if an iron core is threaded into coil 
without dimensional change of coil ? 
(a) Decreases (6) Increases 

(c) Remains same 

(d) First increases and then decreases 
depending on the depth of iron in¬ 
sertion 

4.79. The magnetic reluctance of a material 

(а) decreases with increasing cross- 
sectional area of material 

(б) increases with increasingcross-sec- 
tional area of material 

(c) does not vary with increasing cross- 
sectional area of material 

(d) any of the above 

4.80. The initial permeability of an iron rod 
is 

(а) the highest permeab ility of the iron 
rod 

(б) the lowest permeability of the iron 
rod 

(c) the permeability at the end of the 
iron rod 

(J) the permeability almost in non- 
magnetised state 
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4.81. Which part of the magnetic path re¬ 
quires largest m.m.f. ? 

(a) Air gap (6) Coil 

(c) Inductance (d) Core 

4.82. How does the magnetic compass needle 
behave in a magnetic field ? 

(a) It assures a position right angle to 
magnetic field 

(b) It starts rotating 

(c) It assures a position which follows 
a line of magnetic flux 

(d) None of the above 

4.83. In a simple magnetic field the strength 
of magnet flux 

(a) is constant and has same value in 
energy part of the magnetic field 

(b) increases continuously from initial 
value to final value 

(c) decreases continuously from initial 
value to final value 

(d) first increases and then decreases 
till it becomes zero 

4.84. The stray line of magnetic flux is defined 
as 

(a) a line vertical to the flux lines 

(b) the mean length of a ring shaped 
coil 

( c ) a line of magnetic flux in a non- 
uniform field 

(d) a line of magnetic flux which does 
not follow the designed path 

4.85. The bar magnet has 

(a) the dipole moment 

(b) monopole moment 

(c) (a) and (b) both 

( d ) none of the above 

4.86. Which of the following materials are dia¬ 
magnetic ? 

(a) Silver (b) Copper 

(c) Silver and copper 

( d ) Iron 

4.87. Which of the following type of materials 
are not very important for engineering 
applications ? 

(a) Ferromagnetic (b) Paramagnetic 

(c) Diamagnetic 

( d ) None of the above 


ELECTRICAL ENGINEERING (OBJEC ti TYPE) 

4.88. The susceptibility of paramagnetic 
materials generally lies between 

(a) 1CT 3 and 1CT 5 (6) 1(T 3 and 1(T 7 
(c) KT 4 and 10“® - fc&KT 2 and KT 6 

4.89. For which of the following materials 
the saturation value-rathe highest ? 

(a) Ferromagnetic materials 

(b) Paramagnetic materials 

(c) Diamagnetic materials 
(< d ) Ferrites 

4.90. The magnetic materials exhibit the 
property of magnetisation because of 

(a) orbital motion of electrons 

(b) spin of electrons 

(c) spin of nucleus 
(i d) either of these 

(e) all of the above 

4.91. For which of the following materials 
the net magnetic moment should be 
zero ? 

(a) Diamagnetic materials 

(b) Ferrimagnetic materials 

(c) Antiferromagnetic materials 

(d) Antiferrimagnetic materials 

4.92. The attraction capacity of electromag¬ 
net will increase if the 

(a) core length increases 

(b) core area increases 

(c) flux density decreases 

(d) flux density increases 

4.93. Which of the following statements is 
correct ? 

(a) The conductivity of ferrites is better 
than ferromagnetic materials 

(b) The conductivity of ferromagnetic 
materials is better than ferrites 

(c) The conductivity of ferrites is very 
high 

\d) The conductivity of ferrites is same 
as that of ferromagnetic materials 

4.94. The magnetisation and applied field in 

ferromagnetic materials are related 
(a) sinusoidally (b) linearly 

(c) non-linearly (d) parabolically 

4.95. In which of the materials the spin mo¬ 
ments associated with two sets of 
atoms are aligned antiparallel to each 
other ? 
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(а) Ferromagnetic materials 

(б) Ferrites 

(c) Ferrimagnetic materials 
(i d ) Antiferromagnetic materials 

4.96. Temporary magnets are used in 

I (a) loud-speakers ( b ) generators 

((c) motors {d) all of the above 

4.97. Main causes of noisy solenoid are 

(а) strong tendency of fan out of lami¬ 
nations at the end caused by repul¬ 
sion among magnetic lines of force 

(б) uneven bearing surface, caused by 
dirt or uneven wear between moving 
and stationary parts 

(c) both of above 
{d) none of the above 

4.98. When a bar magnet is bent at its centre 
to form the shape of L, its magnetic 
moment will be 

(а) 2 times its original value 

(б) times its original value 

B. Fill in the Blanks/Say Tfes’ or ‘No*: 

4.102. Magnetism is a mysterious but very 

useful.property. 

4.103. Most. used in electric circuits are 

man-made. 

4.104 . produce magnetism only when 

electrical energy is supplied to a coil. 

4.105 .is defined as the property which 

certain materials have that permits 
them to produce or conduct magnetic 
lines of force. 

4.106. A. .. .. is an object about which a mag¬ 
netic field exists and is either natural 
or man-made. 

4.107. A natural magnetic effect is shown by 

a form of iron ore called. 

4.108. Magnetic lines of force have direction 

similar to the motion of.charges. 

4.109. Like poles of magnets attract each 

other. (Yes/No) 

4.110. The magnetic field surrounding the 
earth has a south magnetic pole located 
near the north geographic pole. 

(Yes/No) 


(c) — times its original value 

(d) ~^= times its original value 

4.99. Strength of an electromagnet can be 
increased by 

(a) increasing the cross-sectional area 

(b) increasing the number of turns 

(c) increasing current supply 

(d) all above methods 

4.100. Core of an electromagnet should have 

(а) low coercivity 

(б) high susceptibility 

(c) both of the above 

(d) none of the above 

4.101. Magnetism of a magnet can be destroyed 

by 

(a) heating 

(b) hammering 

(c) by inductive action of another mag¬ 
net 

( d) by all above methods 


4.111. .. can be induced in magnetic 

materials by placing it in a magnetic 
field. 

4.112. Magnetism can be induced in a mag¬ 
netic material from a magnet. (Yes/No) 

4.113. The flux lines are more dense at the. 

of the magnet than they are at points 
farther from the magnet. 

4.114. The lines of force tend to spread away 
from each other because of the mutual 
.between lines. 

4.115.refers to the concentration of the 

magnetic field, or the number of mag¬ 
netic field lines in a given area. 

4.116. The ability of a material to concentrate 

magnetic flux and after little apposi¬ 
tion to the flux lines is called. 

4.117. The permeability of a magnetic material 

is comparable to the.of an electrical 

conductor. 

4.118. The space between the poles of a mag¬ 
net is called an. 
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ELECTRICAL ENGINEERING-(OBJECTIVE TYPE) 


4.119. A.magnet has no air space. 

4.120. A toroid has an open magnetic path. 

(Yes/No) 

4.121. The . type of construction is used 

when there must be a minimum of ex¬ 
ternal magnet field. 

4.122. Magnets with air gaps should be stored 

with a.that produces a closed loop 

much like a toroidal magnet. 

4.123. Three types of magnetic materials are 

...and. 

4.124. Opposite ends of a magnet are labelled 


4.125. The direction of magnetic lines of force 
is considered to take an external path 

from the. pole to the .pole of a 

magnet. 

4.126. The transfer of magnetism from one 
magnetic material to another is called 


4.127. The total number of magnetic lines is 

known as magnetic. 

4.128. Magnetic saturation of a material occurs 

when an increase of magnetising force 
produces no increase in the magnetisa¬ 
tion of the material. (Yes/No) 

4.129. The principal advantage of toroidal 
construction of a magnet is the intense 
external magnetic field available from 

„ a small magnet. (Yes/No) 

4.130. The property of a material which 
causes it to retain the magnetism after 


the magnetising force is removed is 
called. 

4.131. If the current in two parallel wires have 

the same direction, the wires \Yill be 
pulled together. (Yes/No) 

4.132. A greater flux density can be produced 
in the core of an electromagnet by 
decreasing the permeability of the core. 

(Yes/No) 

4.133. If the number of turns or the current in 
a coil is increased, the flux density will 


4.134. If the direction of current in a coil is 

reversed, the polarity of the magnetic 
field reverses. (Yes/No) 

4.135. The reluctance of magnetic circuit 

depends on the length of magnetic flux, 
cross-sectional area presented to the 
magnetic field and magnetic properties 
of material in which the magnetic field 
is generated. (Yes/No) 

4.136. All the lines of magnetic flux on a coil 
produced by a uniform magnetic field 
are parallel and equidistant. (Yes/No) 

4.137. The magnetic field strength H and 

magnetic induction B are independent 
of each other. (Yes/No) 

4.138. There is no existence of such material 

which is completely impermeable to 
magnetic flux. (Yes/No) 


ANSWERS 

(Magnetism and Electromagnetism) 
A. Choose the Correct Answer : 


4.1. (c) 

4.2. (d) 

4.3. (b) 

4.4. (. i) 

4.5. (c) 

4.6. (c) 

4.7. (c) 

4.8. (fo) 

4.9. (6) 

4.10. (b) 

4.11. (6) 

4.12. (b) 

4.13. ( b) 

4.14. (c) 

4.15. (b) 

4.16. (d) 

4.17. (d) 

4.18. (d) 

4.19. (a) 

4.20. (d) 

4.21. (6) 

4.22. (a) 

4.23. (c) 

4.24. (c) 

4.25. (c) 

4.26. (d) 

4.27. (c) 

4.28. id) 

4.29. (c) 

4.30. (d) 

4.31. (d) 

4.32. (6) 

4.33. ( b) 

4.34. (a) 

4.35. (d) 

4.36. (c) 

4.37. ( b) 

4.38. (6) 

4.39. (d) 

4.40. (c) 

4.41. (a) 

4.42. (6) 

4.43. (a) 

4.44. (d) 

4.45. (c) 
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4.46. (d) 

4.47. (c) 

4.48. 

(d) 

4.49. (c) 

4.50. (c) 

4.51. (6) 

4.52. 

(d) 

4.53. (c) 

4.54. (6) 

4.55. (6) 

4.56. 

(d) 

4.57. (d) 

4.58. (c) 

4.59. (c) 

4.60. 

(6) 

4.61. (a) 

4.62. (c) 

4.63. (d) 

4.64. 

(a) 

4.65. (a) 

4.66. (c) 

4.67. (c) 

4.68. 

(c) 

4.69. (6) 

4.70. (d) 

4.71. (d) 

1.72. 

(c) 

4.73. (c) 

4.74. (c) 

4.75. (6) 

4.76. 

(6) 

4.7.7. (d) 

4.78. (6) 

4.79. (a) 

4.80. 

(d) 

4.81. (a) 

4.82. (c) 

4.83. (a) 

4.84. 

(d) 

4.85. (a) 

4.86. (c) 

4.87. (c) 

4.88. 

(a) 

4.89. (d) 

4.90. (e) 

4.91. (c) 

4.92. 

(d) 

4.93. (a) 

4.94. (c) 

4.95. (d) 

4.96. 

(d) 

4.97. (c) 

4.98. (6) 

4.99. (d) 

4.100. 

(c) 

4.101. (d) 


B. Fill in the Blanks/Say TTes’ or ‘No’: 

4.102. electrical 

4.103. magnets 

4.104. Electromagnets 

4.105. Magnetism 

4.106. magnet 

4.107. magnetite 

4.108. electric 

4.109. No 

4.110. Yes 

4.111. Magnetism 

4.112. Yes 

4.113. ends 

4.114. repulsion 

4.115. Flux density 

4.116. permeability 

4.117. conductance 

4.118. air gap 

4.119. toroidal 

4.120. No 

4.121. toroidal 

4.122. keeper 

4.123. Ferromagnetic, paramagnetic and diamagnetic 

4.124. north, south 

4.125. north, south 
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4.126. magnetic induction 

4.127. flux 

4.128. Yes 

4.129. No 

4.130. retentivity 

4.131. Yes 

4.132. No 

4.133. Increase 

4.134. Yes 

4.135. Yes 

4.136. Yes 

4.137. No 

4.138. Yes 



□ □ 
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Magnetic Circuit 

5.1. TERMS CONNECTED WITH MAGNETIC CIRCUIT 

A magnetic circuit is defined as the route or path which is followed by a magnetic flux. 

1. Permeability (p). Permeability of any material is a measure of ease with which the atoms 
can be arranged. It is also defined as the ability of a material to concentrate magnetic flux and offer 
little opposition to the flux lines. The symbol for permeability is the greek letter mu (fx). 

The S.I. unity for permeability is henry/metre (H/m) 

Mathematically, jx = poEr H/m ...(5.1) 

where = permeability of free space 

= 4n x 1CT 7 H/m (S.I. units) 
jx r = relative permeability 

Relative permeability (p r ) is simply a numeric which expresses the degree to which the 
material is a better conductor of magnetic flux as compared to free space. 

\i r for air (and non-magnetic materials) = 1 

[x ; . for diagmagnetic materials = slightly less than one 

\i r for paramagnetic materials = slightly higher than one 

for ferromagnetic materials = in the hundreds or thousands. 

Table 5.1. Relative permeabilities 


The reference permeability of a vacuum is 1. 


Material 

Permeability 

Material 

Permeability 

1. Silver 

0.99998 

8. Cobalt 

170 

2. Copper 

0.999991 

9. Iron-cobalt alloy 

13000 

3. Water 

0.999991 

10. Pure iron 

6000 to 8000 

4. Vacuum 

1.0 

11. Nickel 

400 to 1000 

5. Air 

1.0000004 

12. Permalloy 

100000 

6. Aluminium 

1.00002 

13. Supermalloy 

1000000 

7. Palladium 

1.0008 

14. Silicon steel 

5000 to 10000 


2. Magnetomotive tor ce (m.m.f.). Magnetomotive force drives or tends to drive flux through 
x magnetic circuit . It is equal to the work done in joules in carrying a unit magnetic pole once through 
the entire magnetic circuit; m.m.f. is measured in ampere-turns (AT). 


5.1 
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AT = NI 

where N = number of turns of a magnetic circuit, and 
I = current in ampere in those turns. 

3. Reluctance (S). Reluctance is a measure of opposition offered by a magnetic circuit to the 
setting up of flux. 

The reluctance ( S ) of a magnetic circuit is given by : 

l l 


S M-A HoM 

where l - length of the magnetic circuit, 

A = cross-sectional area of the magnetic circuit, 

Po = absolute permeability, and 
\i r = relative permeability. 

Reluctance of a magnetic circuit is the ratio of m.m.f and flux 

m.m.f. 


(5.2) 


Reluctance = 

S: 


flux 

M 
: * 

The unit of reluctance is AT/Wb. Since 1 AT/Wb = 1/henry, the unit of reluctance is “reciprocal 


...(5.3) 


henry”. 


z.e., 


4. Permeance. The reciprocal of reluctance is known as permeance. 
Permeance = 


reluctance S 
It is measured in Wb/AT or henry. 

5. Reluctivity. It is the specific reluctance and corresponds to resistivity which is specific 
resistance. 

Relation between flux density (B) and magnetic field strength (H): 

Comparing Eqns. (5.2) and (5.3), we get 
l NI 


But 


l*0M»A “ <|> 
4> NI 
HoM " l 

4 = B 


(By rearranging) 


and 


A 

M 

l 

B 


= H 


H 


M’OMr 

or B = 

or B - \iH 

[where li (permeability) = u () u r ] 

Thus, permeability is the ratio of flux density to magnetic field strength. 


...(5.4) 
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MAGNETIC CIRCUIT 

5.2. COMARISON OF ELECTRIC AND MAGNETIC CIRCUITS 

The analogy between electric and magnetic circuits is given in the table 5.2. 

Table 5.2. Analogy Between Electric and Magnetic Circuits (Similarities) 



Differences 

1. The resistivity of conductors is more or less constant but the permeability of the ferromag¬ 
netic materials varies greatly with magnetic field strength. 

2. Strictly speaking, flux does not actually ‘flow’ in the sense in which an electric current flows. 

3. In an electric circuit energy must be supplied to maintain the flow of electricity in the circuit, 
whereas (in a magnetic circuit) the magnetic flux once, it is set up, does not require any further supply 
of energy. 
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5.4 ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(Example : Once the flux produced by a current in the solenoid has attained it steady value, 
the energy subsequently absorbed by that solenoid is all dissipated as heat due to the resistance of 
the winding). 

4. In ferromagnetic materials if the magnetic field strength is increased the flux density 
increases till a state of saturation is reached after which there is no increase in flux density for further 
increase in field strength. There is no such phenomenon in electric circuits. 

5.3. MAGNETIC LEAKAGE AND FRINGING 

Fig. 5.5 shows a metal ring symmetrically situated relative to the air gap in the iron ring. Let 
the magnetising winding be concentrated 
over a short length of the core. The flux 
through the metal ring may be considered as 
useful flux and that which returns by such 
paths as 1, 2 and 3 is the leakage flux. The 
useful flux passing across the gap tends to 
buldge outwards (this is because the lines of 
force repel each other when passing through 
a non-magnetic material) as shown roughly in 
Fig. 5.5, thereby reducing the effective area of 
the gap and reducing the flux density in the 
gap. This effect is referred to as fringing; and 
the longer' the air gap, the greater is the fring¬ 
ing. 

It is seen that the effect of leakage flux 
is to increase the total flux through the excit¬ 
ing winding. 

If <|>j = total flux produced (produced in the exciting winding) 

<j) = useful flux available in the air gap. 

Then, leakage co-efficient (or factor), X = — 

The value of X for electrical machines is usually about 1.15 to 1.25. 

Note. Magnetic leakage can be minimised by placing the exciting coils or windings as close as possible 
to the air gap or to the points in the magnetic circuit where the flux is to be utilised. 

5.4. MAGNETISATION (B-H) CURVES 

Consider a toroidal solenoid wound on a non-magnetic core, such as shown in Fig. 5.6. If the 
flux density is measured on the centre line of the toroid, the relationship between B and H is given 
by the straight line OA in Fig. 5.7. If now the space within toroid is filled with an unmagnetised 
ferromagnetic material, the well known magnetisation curve OBCDE , is obtained. The megnetisation 
has many names being referred to as : 

B-H curve, the magnetic saturation curve, the virgin curve or simply the saturation curve. 

The difference in flux between the saturation curve and the air line, OA at any magnetising 
force, is due to the contribution of the magnetic material. This flux is known as the intrinsic flux and 
gives a true measure of magnetic properties than does the total flux, especially at very high m.m.fs. 
The point at which the intrinsic flux density curve becomes horizontal gives the intrinsic saturation. 



Iron ring 


Fig. 5.5. Magnetic leakage and fringing. 
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5.5 



The magnetisation curves can be 
determined by the following methods 
provided the materials are in the form of 
a ring: 

(i) By means of a ballistic gal¬ 
vanometer 

(ji) By means of a fluxmeter. 

The graphs in Fig. 5.8 show the 
relationship between the flux density (. B ) 
and the magnetic field strength ( H) ob¬ 
tained for different qualities of iron. The 
data for mild steel, wrought iron and 
sheet steel are so similar that they can be 
represented by a common graph. Stalloy 
is an alloy of iron and silicon commonly 
used in the construction of transformers 
and A - C machines. 



Fig. 5.7. Magnetising curve for a 
ferromagnetic material. 



Fig. 5.8. B-H curves. 


5.5. LOSSES IN MAGNETIC MATERIALS 


When magnetic materials are subj ected to an alternating flux, two types of losses occur which 

are : 

1. Hysteresis loss 

2. Eddy current loss. 

The above losses comprise the total core loss . 

Hysteresis Loss 

— Below curie temperature (it is the rising temperature at which the given material ceases 
to be ferromagnetic, or the falling temperature at which it becomes ferromagnetic) all 
ferromagnetic materials exhibit the phenomenon called hysteresis which is defined as the 
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+ B 


lagging of magnetisation or induction flux density (B) behind the magnetising force (H) or 
it is that quality of a magnetic substance due to which energy is dissipated in it on the 
reversal of its magnetism, 

— Fig. 5.9 shows a typical hysteresis loop. It is a 
curve plotted between B and H for various values 
of H from a maximum value in the positive direc¬ 
tion to maximum value in the negative direction 
and back again. 

Starting at zero with a coil wound round a toroid of 
unmagnetised iron, the magnetisation curve follows curve 
OD. If the m.m.f. is gradually reduced, the flux curve follows 
the line DE. As the m.m.f. is reversed the flux falls into the 
point L and thence to M. As the m.m.f. is returned to zero, the 
flux traces out the path MAT. Then, as m.m.f is again 
increased, curve NPD is followed. The area within the closed 
loop is a measure of energy lost during the cycle. This energy 
is, in effect, a frictional loss and shows up as heat in the 



Fig. 5.9. Hysteresis loop for a 
ferromagnetic material. 


material. The distance OE is a measure of the residual flux left in the closed magnetic circuit when 
the current is zero. It is known as B r , the residual induction. B r describes circuits in which there are 
no air gaps, e.g., the iron toroid, should not be confused with remanance, a more general term which 
refers to magnetic induction remaining in the magnetic circuit (usually in the air gap when one is 
present) after magnetising force has been removed. 

The distance OL is known as— H c , the coercive force, and is the value of the demagnetising 
m.m.f. required to bring the residual or remanant magnetic induction to zero when such a loop is 
being traced out. 

— If a ferromagetic substance is subjected to an alternating m.m.f., the first hysteresis loops 
tracted out do not necessarily fall upon each other. When successive loops retrace 
preceding once, the material is said to be in a cyclically magnetised condition. For 
electromagnet core materials, values of B r and — H c are determined from a hysteresis loop 
taken when material is cyclically magnetised. Permanent magnet values, however are taken 
from the first hysteresis loop, since permanent magnets need be magnetised only once. 

— The hysteresis loop equals the work which is necessary to reverse the direction of mag¬ 
netisation. The actual shape and area of loop depend on the internal structure and 
composition of the ferromagnetic substance. 

Thus work d&ne (W) = (area of B-H loop) joules/m 3 /cycle. 

It may be noted that while calculating the actual area, scales of B and H should be taken into 
consideration. 

For example, if scales are : 

1 cm = x AT/m ... for H 

1 cm s zy Wb/m 2 ... for B 

W = x.y (area of B-H loop) joules/m 3 /cycle. 

— Steinmetz developed an empirical relationship to express this loss in following terms. 

P h - KffBm ...(5.5) 

In this expression 

Pf v = hysteresis loss in watt per m 3 or per kg 
B jnax = maximum flux density* Wb/m 2 


then 
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Kh = hysteresis co-efficient 
k = Steinmetz co-efficient 
f = frequency of magnetization, Hz. 

The-value of Stienimetz co-efficient k is approximately 2 for all modern magnetic materials. 

Note. The transformers and generators cores and armatures of the electric motors etc. which are subjected 
to rapid reversals of magnetisation should be made of such substances which have low co-efficient in order to 
reduce the hysteresis loss. 

Table 5.3. Hysteresis Coefficients 


S. No. 

Material 

Hysteresis co-efficient K h 
(joules/m 3 ) x 10 2 

1 . 

Cast iron 

27.63 to 40.2 

2. 

Sheet iron 

10.05 

3. 

Cast steel 

7.54 to 30.14 

4. 

Hard cast steel 

63 to 70.34 

5. 

Silicon steel (4.8% Si) 

1.91 

6. 

Hard tungsten steel 

145.7 

7. 

Good dynamic sheet steel 

5.02 

8. 

Mild steel castings 

7.54 to 22.61 

9. 

Nickel 

32.66 to 100.5 

10. 

Permalloy 

0.25 


Eddy Current Losses 

— The term “ eddy currents” is applied to those electric currents which circulate within a 
mass of conducting material when the latter is situated in a varying magnetic field. The 
conducting material may be considered as consisting of large number of closed conducting 
paths, each of which behaves like a short circuited winding. The varying magnetic field 
induces eddy e.m.fs. in these closed elemental paths giving rise to eddy currents. These 
eddy currents produce loss in power resulting in heating of materials. This loss is of 
considerable importance as it affects the efficiency and heating of electrical machines. 

— The eddy currents produce a magnetic field of their own which opposes the main magnetic 
field. As the effect of eddy currents is not uniform over the cross section of the material , this 
results in a flux distribution which is not uniform , the flux density in the outer portions 
being gt'eater than that at the centre. Thus there is a reduction in effective cross-section. 
The effect of eddy currents upon flux distribution is chiefly of importance in transformers 
where the material otherwise would be worked at a uniform flux density. 

— The magnetic materials used for varying magnetic fields are laminated (made up of thin 
sheets insulated from each other) so as to reduce eddy currents and associated losses, as 
by laminating, the area of path of eddy currents is reduced giving rise to a large value of 
resistance. 

The eddy current loss can be reduced in the following ways : 

1. By building up the required cross-section for the flux path by stacking thin pieces known 
as laminations. 

2. By grinding the ferromagnetic material to a powder and mixing it with a binder that 
effectively insulates the particles from one another. 
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Total iron losses 

The total iron loss is the sum of hysteresis and eddy current loss and is given by the relation : 

Pi - Ph + Pe 

= K h fB k max + watts per m 3 or per kg ...(5.6) 

= (Kf/+ K p f)B 2 max watts per m 3 or per kg ...(5.7) 

taking k - 2. 


5.6, RISE OF CURRENT IN AN INDUCTIVE CIRCUIT 

Let i = current at any instant, 


I m = maximum steady value of current 

R = resistance, 

L - inductance, and 

X = time constant of the circuit 

Then, important relations are : 

» 

(a) Rise of Current: 





...(5.3) 


( where I m = L 


Putting^ = = X in eqn. (5.8), we get 

i = 0.632 Im 



...[5.8 (a)] 



Fig . 5 JO. Inductive circuit . Fig. 5.11. Rise of current in an R-L circuit. 

Hence the time constant X of an R-L circuit may be defined as the time during which the current 
actually rises to 0.632 of its maximum steady value (Fig. 5.11). 

The delayed rise of current in an inductive circuit is utilized in providing time lag in operation 
of electric relays and trip coils etc. 
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MAGNETIC CIRCUIT 

( b ) Decay of Current: 

i=l m e' t/x ...(5.9) 

Putting t = K in eqn. (5.9), we get 

i = 0.37 I m ...[5.9(a)] 

Hence time constant (X) of an R-L circuit m^y be defined as the time during which current 
falls 0.37 or 37% of its maximum steady value while decaying (Fig. 5.12). 



Fig. 5.12. Decay of current in an R-L circuit. 


OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer : 

5.1. An air gap is usually inserted in mag¬ 
netic circuits to 

(а) increase m.m.f. 

(б) increase the flux 

(c) prevent saturation 

(d) none of the above 

5.2. The relative permeability of a fer¬ 
romagnetic material is 

(a) less than one (6) more than one 

(c) more than 10 

(d) more than 100 or 1000 

5.3. The unit of magnetic flux is 

(a) henry (6) weber 

(c) ampere-tum/weber 

id) ampere/metre 

5.4. Permeability in a magnetic circuit cor¬ 
responds to .in an electric circuit. 

(a) resistance ( b) resistivity 

(c) conductivity {d) conductance 

5.5. Point out the wrong statement. 
Magnetic leakage is undesirable in 
electric machines because it 


(а) lowers their power efficiency 

(б) increases their cost of manufacture 

(c) leads to their increased weight 

(d) produces fringing 

5.6. Relative permeability of vacuum is 

(a) 1 (6) 1 H/m 

(c) 1/4jt {d) 4:rc x 10 -7 H/m 

5.7. The magnetising force (H) and mag¬ 
netic flux density (B) are connected by 
the relation 

(a) B = o {b)B = \iH 

(c) B = ff/pour (d) B = \U)H/\i r 

5.8. Permanent magnets are normally made 
of 

(a) alnico alloys (6) aluminium 

(c) cast iron ((i) wrought iron 

5.9. Energy stored by a coil is doubled when 
its current is increased by ...... percent. 

(a) 25 (6)50 

(c) 41.4 (d) 100 
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5.10. Those magnetic materials are best 

suited for making armature and trans¬ 
former cores which have . per¬ 
meability and.hystersis loss. 

(a) high, high ( b ) low, high 

(c) high, low ( d ) low, low 

5.11. The rate of rise of current through an 
inductive coil is maximum 

(а) at 63.2% of its maximum steady 
value 

(б) at the start of the current flow 

(c) after one time constant 

( d ) near the final maximum value of 
current 

5.12. When both the inductance and resis¬ 
tance of a coil are doubled the value of 

(а) time constant remains unchanged 

(б) initial rate of rise of current is 
doubled 

(c) final steady current is doubled 
6 d ) time constant is halved 

5.13. The initial rate of rise of current 

through a coil of inductance 10 H when 
suddenly connected to a D.C. supply of 
200 V is.A/s 

(a) 50 ( b ) 20 

(c) 0.05 (d) 500 

5.14. A material for good magnetic memory 
should have 

(а) low hysteresis loss 

(б) high permeability 

(c) low retentivity 

(d) high retentivity 

5.15. Conductivity is analogous to 

(a) retentivity (6) resistivity 

(c) permeability ( d ) inductance 

5.16. In a magnetic material hysteresis loss 
takes place primarily due to 

(a) rapid reversals of its magnetisation 

( b ) flux density lagging behind mag¬ 
netising force 

(c) molecular friction 

(d) it high retentivity 

5.17. Those materials are well suited for 
making permanent magnets which 

have.retentivity and.coercivity. 

(a) low, high (6) high, high 

(c) high, low (d) low, low 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

5.18. If the area of hysteresis loop of a 
material is large, the hysteresis loss in 
this material will be - 

(a) zero (6)'small 

(c) large ( d ) none of the above 

5.19. Hard steel is suitable for making per¬ 
manent magnets because 

(а) it has good residual magnetism 

(б) its hysteresis loop has large area 

(c) its mechanical strength is high 

(d) its mechanical strength is low 

5.20. Silicon steel is used in electrical machines 

because it has 

(a) low co-ercivity (6) low retentivity 

(c) low hysteresis loss 

(d) high co-ercivity 

5.21. Conductance is analogous to 

(a) permeance (6) reluctance 

(c) flux ( d) inductance 

5.22. The property of a material which op¬ 
poses the creation of magnetic flux in it 
is known as 

(a) reluctivity 

( b) magnetomotive force 

(c) permeance (d) reluctance 

5.23. The unit of retentivity is 

(a) weber (b) weber/sq. m 

(c) ampere turn/metre 

(d) ampere turn 

5.24. Reciprocal of reluctance is 

(a) reluctivity (6) permeance 

(c) permeability (d) susceptibility 

5.25. While comparing magnetic and electric 
circuits, the flux of magnetic circuit is 
compared with which parameter of 
electrical circuit ? 

(a) E.m.f. (b) Current 

(c) Current density 

(d) Conductivity 

5.26. The unit of reluctance is 

(a) metre/henry (6) henry/metre 

(c) henry (d) 1/henry 

5.27. A ferrite core has less eddy current loss 
than an iron core because 

(а) ferrites have high resistance 

(б) ferrites are magnetic 

(c) ferrites have low permeability 
id) ferrites have high hysteresis 
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5.28. A ferromagnetic core subjected to 
cycles of magetisation will exhibit 
hysteresis when the cycle is 

(a) rotating (b) alternating 

(c) pulsating ( d ) any of the above 

5.29. In order to minimise loss due to 
hysteresis, the magnetic material 
should have 

(а) high resistivity 

(б) low hysteresis co-efficient 

(c) large B-H loop area 

(d) high retentivity 

5.30. Hysteresis loss least depends on 

(а) volume of material 

(б) frequency 

(c) steinmetz co-efficient of material 

(d) ambient temperature 

5.31. Laminated cores, in electrical machines, 
are used to reduce 

(a) copper loss (6) eddy current loss 
(c) hysteresis loss ( d ) all of the above 

B. Fill in the Blanks/Say ‘Yes* or ‘No*: 

5.36 .flux is directly proportional to the 

current (I) and the turns (N) in a coil. 

5.37 .is directly proportional to length 

and inversely proportional to core area 
and permeability. 

5.38. Resistance, electromotive force, and 

current cam. be compared with., and 

.respectively. 

5.39. Ampere-turns is the product of current 
in amperes and the turns in the coil. 

(Yes/No) 

5.40. A.... .. is a magnet produced from a coil 
carrying a current. 

5.41. A 300-turn coil carrying 3 amperes 

produces an m.m.f. of . ampere- 

turns. 

5.42. The —. curve relates the flux density 
to the magnetising force. 

5.43. Only the.portion of a B-H curve is 

linear. 

5.44. The B-H curve is linear over its entire 

^ngth. (Yes/No) 

5.45. The hysteresis loop is produced when 

the magnetic flux does not follow the 
magnetising force. (Yes/No) 


5.11 

5.32. The area of hysteresis loss is a measure 
of 

(a) permittivity 

( b ) permeance 

(c) energy loss per cycle 

(d) magnetic flux 

5.33. Permeance is to reluctance as conduc¬ 
tance is to 

(a) ampere turns (6) inductance 

(c) capacitance (d) resistance 

5.34. According to steinmetz hysteresis law, 
hysteresis loss in a material is propor¬ 
tional to 

(a)S 36 (b)B ls 

(c) B 12 (d) B 2 e 

5.35. The transformer cores operating at 
microwave frequency range, are usual¬ 
ly made of 

(a) carbon (6) copper 

(c) silicon steels (d) ferrites 


5.46. The force required to return the flux 

value to zero is the.force. 

5.47. The demagnetising of a magnetic 

material by a decrease of the magnetis¬ 
ing current produces a smaller and 
smaller hysteresis loop. (Yes/No) 

5.48. The hysteresis loop is the result of the 

core.not reaching zero at the Shme 

time the magnetising force reaches 
zero. 

5.49. The magnetism which remains after 
the magnetising force has been removed 

is called.magnetism. If we wish to 

bring the flux density to zero, a. 

force of opposite polarity must be ap¬ 
plied. 

5.50.of any material is the measure of 

ease with which the atoms can be ar¬ 
ranged. 

5.51. The route or path which is followed by 
a magnetic flux is called a circuit. 

5.52. The relative permeability of ferromag¬ 

netic materials is slightly higher than 
one. (Yes/No) 
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5.53. Permeability of free space, 

\i o = 8 ji x 10 -7 . (Yes/No) 

5.54. The value of p r for cobalt is 10000. 

(Yes/No) 

5.55. \i r for air and non-magnetic materials 

is equal to 2. (Yes/No) 

5.56 .force drives or tends to drive flux 

through a magnetic circuit. 

5.57 .of a magnetic circuit is the ratio of 

m.m.f. and flux. 

5.58. The reciprocal of reluctance is known 

as. 

5.59. .temperature is the rising tempera¬ 

ture at which the given material ceases 
to be ferromagnetic, or the falling 
temperature at which it be becomes 
ferromagnetic. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

5.60. The.currents produce a magnetic 

field of their own which opposes the 
main magnetic field. 

5.61. The transformers and generators cores 
and armatures of the electric motors 
etc. which are subjected to rapid rever¬ 
sals of magnetisation should be made 
of such substances which have low 
hysteresis co-efficient in order to 
reduce the hysteresis loss. (Yes/No) 

6.62. Eddy current losses are reduced by 

using. plates and material of. 

resistivity. 

5.63. Iron losses, if allowed to take place 

unchecked, not only.the efficiency 

of electrical equipment but also raise 
the.of the core. 





ANSWERS 






(Magnetic Circuit) 



l. Choose the Correct Answer : 




5.1. 

(c) 

5.2. id) 

5.3. (b) 

5.4. (c) 

5.5. id) 

5.6. 

(a) 

5.7 (6) 

5.8. (a) 

5.9. (c) 

5.10. (c) 

5.11. 

(b) 

5.12. (a) 

5.13. (6) 

5.14. id) 

5.15. (c) 

5.16. 

id) 

5.17. ( b) 

5.18. (c) 

5.19. id) 

5.20. (c) 

5.21. 

(a) 

5.22. id) 

5.23. (6) 

5.24. (6) 

5.25. ib) 

5.26. 

(cO 

5.27. id) 

5.28. (d) 

5.29. (6) 

5.30. id) 

5.31. 

(6) 

5.32. (c) 

5.33. id) 

5.34. (6) 

5.35. id) 

>• Fill in the Blanks/Say Tes’ or 

‘No’: 



5.36. 

magnetic 


5.37. Reluctance 


5.38. reluctance, m.m.f., flux 

5.39. 

Yes 


5.40. solenoid 


5.41. 900 

5.42. 

B-H 


5.43. centre 


5.44. No. 

5.45. 

Yes 


5.46. co-ercive 


5.47. Yes 

5.48. 

flux density 


5.49. residual, co-ercive 

5.50. Permeability 

5.51. 

magnetic 


5.52. No 


5.53. No 

5.54. 

No 


5.55. No 


5.56. Magneto-motive 

5.57. 

Reluctance 


5.58. permeance 


5.59. Curie 

5.60. 

eddy 


5.61. Yes 


5.62. thinner, higher 

5.63. 

reduce, temperature. 





□ □ 
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Electromagnetic Induction 



6.1. FARADAY S LAWS OF ELECTROMAGNETIC INDUCTION 

“The phenomenon whereby an e.m.f. and hence current is induced in any conductor which is 
cut across or is cut by a magnetic flux is known as electromagnetic induction”. 

First Law. It states as follows : 

“Whenever the magnetic flux linked with a circuit changes, an e.m.f is always induced in if\ 

Or 

“Whenever a conductor cuts magnetic flux, an e.m.f. is induced.in that conductor”. 

Conductor- 



(a) 


(b) 


(c) 


(a) Voltage in- (b) Voltage in¬ 

duced across a duced across a 
wire moving 
upward. 

Fig. 6.1. When a conductor is moved across a magnetic 
field a voltage is induced in the conductor. 

Second Law. It states as follows : 


wire moving 
downward. 


(c) No voltage is in¬ 
duced in a wire 
moving parallel 
to the field. 


“The magnitude of induced e.m.f is equal to the rate of change of flux-linkages”. 

Mathematically, e = - volts ...(6.1) 

where e - induced e.m.f. 

^ = rate of change of flux 
N = number of turns of the coil 

[Usually, a minus sign is given to the right-hand side expression to signify the fact that the 
induced e.m.f. sets up current in such a direction that magnetic effect produced by it opposes the veiy 
cause producing it.] 

6.1 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


Direction of induced e.m.f. and current 

The direction of the induced current may be found easily by applying either Fleming’s 
Right-hand Rule (Fig. 6.2) or Lenz’s Law. Fleming’s rule is used where induced e.m.f. is due to 




Fig. 6.2. Fleming’s right hand rule. Fig. 6.3. Induction of e.m.f. in 

... . a simple circuit. 

flux-cutting (i.e. dynamically induced e.m.f.) and Lenz’s Law when it is due to change by 
flux-linkages (i.e., statically induced e.m.f). 

Lenz’s Law. Fig. 6.3 shows induction of an e.m.f. in a simple circuit. The direction of the induced 
e.m.f. is determined by Lenz’s law, which states that the current produced by the induced e.m.f. opposes 
the change in flux. 

Lenz’s may also be stated as follows : 

“In all cases of electromagnetic induction, an induced voltage will cause a current to flow in a 
closed circuit in such a direction that the magnetic field which is caused by that current will oppose 
the change that produced the current?’. 


6.2. INDUCED E.M.F. 

Induced e.m.f. may be of the following two types : 

1. Dynamically induced e.m.f. 

2. Statically induced e.m.f. 

1. Dynamically induced e.m.f. 

Refer Fig. 6.1. The e.m.f. induced (e) in the conductor is given by : 

e=Blv volt ...(6.2) 

where B = flux density of the magnetic field in tesla 
l = length of the conductor in metres and 
v = velocity of the conductor in m/s. 

If the conductor moves at an angle 0 with the direction of flux then the induced e.m.f. 

e-Blv sin 0 volts ...(6.3) 

The direction of the induced e.m.f. is given by Fleming’s Right hand rule. 

2. Statically induced e.m.f. 

The e.m.f. induced by variation of flux is termed as “statically induced e.m.f.”. 
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electromagnetic induction 


6.3 


Statically induced e.m.f. can be further subdivided as follows : 

U) Self-induced e.m.f. 

(ii) Mutually induced e.m.f. 

(z) Self-induced e.m.f. 

Self-induced e.m.f. is the e.m.f. induced in a coil due 
to the change of its own flux linked with it. If the current 
through the coil (Fig. 6.4) is changed then the flux linked with 
its own turns will also change which will produce in it, what 


its called self-induced e.m.f. 


e=-N^ 

dt 


. The direction of 





this e.m.f. is given by Lenz’s law (and would be such as to 
oppose any change of flux which is, in fact, the very cause of 
its production. 


Fig. 6.4. Self induced e.m.f. and 
self inductance. 


Self-inductance. The property of the coil due to which it opposes any increase or decrease of 
current or flux through it , is known as self inductance. It is measured in terms of self-induction L (in 
henry). 

Self-induction is sometimes analogously called electromagnetic or electrical inertia. 

Co-efficient of self-induction (L) may be found by the following relations : 


1 . 


2 , 


L = ^f henry 

r , 

L =---henry 


...(6.4) 


...(6.5) 


3. 


L = dl henry 
dt 


...( 6 . 6 ) 


where N = number of turns of the solenoid, 
A - area of cross-section, 
e L - induced e.m.f., and 

= rate of change of current. 


Energy in electromagnetic field 

The energy in electromagnetic field is given by : 

W=\lI 2 joules ...(6.7) 

A 

Eqn. (6.7) gives an expression for stored energy in the magnetic field when the current is 
increased from zero and the same amount of energy is released when the current is reduced to zero. 

(ii) Mutually induced e.m.f. 

Refer Fig. 6.5. Production of e.m.f. in coil B due to change in current A is called mutually 
induced e.m.f. 

Mutual inductance. It is defined as “Thephenomenon by which one circuit causes an e.m.j 
induced in the adjacent circuit by induction when flax produced by it is changed”. 
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Fig. 6.5. Mutually induced e.m.f. and mutual inductance. 


Co-efficient of mutual inductance (M) may be found by the following relations : 


1. 

M = —ft 1 henry 

h 

...(6.8) 

2. 

M - £ henry 

...(6.9) 

3. 

&: 

II 

1 

©J ns 

...(6.10) 


dt 


Co-efficient of coupling (k) 


It is defined as the ratio of mutual inductance between the coils and the square root ofproduct 
of self-inductance of each coil. 

In other words, 

k . * 
vr^ 

...(6.11) 


6.3. INDUCTANCES IN SERIES 

In general we have, 

L = L\ + Z /2 + 2 M .if m.m.fs. are additive ...(6.12) 

L = L\ + Z /2 — 2 M ..if m.m.fs. are subtractive ...(6.13) 


6.4. INDUCTANCES IN PARALLEL 

In general we have, 


L x L 2 -M 2 


L = 


L\ + Z/2 — 2 M 

LxL 2 -M 2 

+ Z/ 2 + 2M 


when mutual field asszsfe the separate fields ...(6.14) 


when two fields oppose each other 


...(6.15) 


Downloaded From : www.EasyEngineering.net 









































Downloaded From : www.EasyEngineering.net 


ECTROMAGNETIC INDUCTION 6.5 

6.5. COMPARISON OF INDUCTANCE AND CAPACITANCE 


Inductance 

Capacitance 

1. Conducts current CD 

1. Stores charge (Q) 


0 1 1 1 1 

2. L - L\ + L 2 ++.in series 

77 = 7 t + 77- + 7— +.m senes 

D Oi O2 U3 

3 + .in parallel 

L L\ L 2 

C = C\ + C2 + C3 +.in parallel 

4. Requires wire conductor 

4. Requires dielectric as insulator 


OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer: 

6.1. The property of coil by which a counter 
e.m.f. is induced in it when the current 
through the coil changes is known as 

(а) self-inductance 

(б) mutual inductance 

(c) series aiding inductance 

(d) capacitance 

6.2. As per Faraday’s laws of electromag¬ 
netic induction, an e.m.f. is induced in 
a conductor whenever it 

(a) lies perpendicular to the magnetic 
flux 

(b) lies in a magnetic field 

(c) cuts magnetic flux 

(d) moves parallel to the direction of 
the magnetic field 

6.3. Which of the following circuit element 
stores energy in the electromagnetic 
field ? 

(a) Inductance (6) Condenser 

(c) Variable resistor 

(d) Resistance 

6.4. The inductance of a coil will increase 
under all the following conditions 

except 

(а) when more length for the same 
number of turns is provided 

(б) when the number of turns of the coil 
increase 

(c) when more area for each turn is 
provided 


(d) when permeability of the core in¬ 
creases 

6.5. Higher the self-inductance of a coil, 

(а) lesser its weber-turns 

(б) lower the e.m.f. induced 

(c) greater the flux produced by it 

(d) longer the delay in establishing 
steady current through it 

6.6. In an iron cored coil the iron core is 
removed so that the coil becomes an air 
cored coil. The inductance of the coil 
will 

(a) increase (b) decrease 

(c) remain the same 

(d) initially increase and then decrease 

6.7. An open coil has 

(a) zero resistance and inductance 

(b) infinite resistance and zero induc¬ 
tance 

(c) infinite resistance and normal in¬ 
ductance 

(d) zero resistance and high inductance 

6.8. Both the number of turns and the core 
length of an inductive coil are doubled. 
Its self-inductance will be 

(a) unaffected (b) doubled 

(c) halved ( d ) quadrupled 

6.9. If current in a conductor increases then 
according to Lenz’s law self-induced 
voltage will 

(a) aid the increasing current 
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(6) tend to decrease the amount of cur¬ 
rent 

(c) produce current opposite to the in¬ 
creasing current 
(< d ) aid the applied voltage . 

6.10. The direction of induced e.m.f. can be 
found by 

(a), Laplace’s law (6) Lenz’s law 
(c) Fleming’s right hand rule 
{d) KirchhofFs voltage law 

6.11. Air-core coils are practically free from 

(а) hysteresis losses 

(б) eddy current losses 

(c) both (a) and (6) 

(d) none of the above 

6.12. The magnitude of the induced e.m.f. in 
a conductor depends on the 

(а) flux density of the magnetic field 

(б) amount of flux cut 

(c) amount of flux linkages 

(d) rate of change of flux-linkages 

6.13. Mutually inductance between two 
magnetically-coupled coils depends on 

(а) permeability of the core 

(б) the number of their turns 

(c) cross-sectional area of their com¬ 
mon core 

(d) all of the above 


6.14. 


6.15. 


A laminated iron core has reduced 

eddy-current losses because 

(a) more wire can be used with less 
D.C. resistance in coil 

(b) the laminations are insulated from 
each other 

(c) the magnetic flux is concentrated in 
the air gap of the core 

(d) the laminations are stacked verti¬ 
cally 

The co-efficient of self-inductance for a 

coil is given as 


(a) 


(c) 


6 . 16 . 


M 

NI 2 


lb)^f- 


(« d) 




<t> F 

The law that the induced e.m.f. and 
current always oppose the cause 
producing them is due to 


(a) Faraday (6) Lenz 

(c) Newton (d) Coulomb 

6.17. Which of the following is not a unit of 
inductance ? 

(a) Hemy 

(b) Coulomb/volt ampere 

(c) Volt second per ampere 

(d) All of the above 

6.18. In case of an inductance, current is 
proportional to 

(а) voltage across the inductance 

(б) magnetic field 

(c) both (a) and (6) 

(d) neither (a) nor (6) 

6.19. Which of the following circuit elements 
will oppose the change in circuit cur¬ 
rent ? 

(a) Capacitance (6) Inductance 
(c) Resistance (d) All of the above 

6.20. For a purely inductive circuit which of 
the following is true ? 

(а) Apparent power is zero 

(б) Relative power is.zero 

(c) Actual power of the circuit is zero 

(d) Any capacitance even if present in 
the circuit will not be charged 

6.21. Which of the following is unit of induc¬ 
tance ? 

(a) Ohm (5) Henry 

(c) Ampere turns (d) Webers/metre 

6.22. An e.m.f. of 16 volts is induced in a coil 
of inductance 4H. The rate of change of 
current must be 

(a) 64 A/s (6) 32 A/s 

(c) 16 A/s (d) 4 A/s 

6.23. The core of a coil has a length of 200 
mm. The inductance of coil is 6 mH. If 
the core length is doubled, all other 
quantities, remaining the same, the in¬ 
ductance will be 

(a) 3 mH (b) 12 mH 

(c) 24 mH ( d ) 48 mH 

6.24. The self inductances of two coils are 8 
mH and 18 mH. If the co-efficients of 
coupling is 0.5, the mutual inductance 
of the coils is 

(a) 4 mH (6) 5 mH 

(c) 6 mH {d) 12 mH 
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ELECTROMAGNETIC INDUCTION 

6.25. TVo coils have inductances of 8 mH and 
18 mH and a co-efficient of coupling of 
0.5. If the two coils are connected in 
series aiding, the total inductance will 
be 

(a) 32 mH (b) 38 mH 

(c) 40 mH (d) 48 mH 

6.26. A 200 turn coil has an inductance of 12 
mH. If the number of turns is increased 
to 400 turns, all other quantities (area, 
length etc.) remaining the same, the 
inductance will be 

(a)6mH (6) 14 mH 

(c) 24 mH (d) 48 mH 

6.27. Two coils have self-inductances of 10 H 
and 2 H, the mutual inductance being 
zero. If the two coils are connected in 
series, the total inductance will be 

(a) 6 H (b) 8 H 

(c) 12 H (d) 24 H 

6.28. In case all the flux from the current in 
coil 1 links with coil 2, the co-efficient 
of coupling will be 

(a) 2.0 (6) 1.0 

(c) 0.5 (d) zero 

6.29. The energy in joules stored in the mag¬ 
netic field of 0.15 H inductance with a 
180 mA current will be 

(a) 2.43 (b) 2.43 x 10~ 3 

(c) 2.43 x 10“ 6 (d) 2.43 x 10“ 9 

6.30. A coil with negligible resistance has 50 
V across it with 10 mA. The inductive 
reactance is 

(a) 50 ohms (6) 500 ohms 

(c) 1000 ohms {d) 5000 ohms 

Questions 6.31 to 6.34 refer to data given 
below: 

For a 30 mH inductance (Li) and a 60 
mH inductance (L 2 ) 

6.31. The total inductance of L\ and L 2 in 

series without mutual coupling will be 
(a) 15 mH (b) 45 mH 

(c) 90 mH (d) 120 mH 

6.32. The total inductance of Li and L 2 in 
parallel without mutual coupling will 
be 


(a) 5 mH (6) 10 mH 

(c) 15 mH (d) 20 mH 

6.33. The combined inductance of L\ and L 2 
in series aiding with 30 mH mutual 
inductance will be 

(a) 50 mH (6) 100 mH 

(c) 150 mH (d) 200 mH 

6.34. The value of coupling factor is 

(a) 0.00707 (6) 0.0707 

(c) 0.707 (d) 7.07 

6.35. A conductor 2 metres long moves at 
right angles to a magnetic field of flux 
density 1 tesla with a velocity of 12.5 
m/s. The induced e.m.f. in the conductor 
will be 

(a) 10 V (6) 15 V 

(c) 25 V {d) 50 V 

6.36. Lenz’s law is a consequence of the law 
of conservation of 

(а) induced current 

(б) charge (c) energy 

(<f) induced e.m.f. 

6.37. A conductor carries 125 amperes of cur¬ 
rent under 60° to a magnetic field of 1.1 
tesla. The force on the conductor will be 
nearly 

(a) 50 N (6) 120 N 

(c) 240 N (d) 480 N 

6.38. Find the force acting on a conductor 3m 
long carrying a current of 50 amperes 
at right angles to a magnetic field 
having a flux density of 0.67 tesla. 

(a) 100 N (6) 400 N 

(c) 600 N (d) 1000 N 

6.39. Two coils ‘1’ and ‘2’ lie in parallel 
planes. The current through ‘1* is 
changed as shown in Fig. 6.6 which of 
the following statement about coil ‘2’ is 
necessarily true ? 



Fig. 6.6 
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(а) Maximum e.m.f. will be induced 
during LM 

(б) The voltage\of the coil will be zero 
during PQ 

(c) Positive voltage induced in the coil 
during OL is equal and opposite to 
voltage drop during MP 
0 d ) Flux will decrease during MP 

6.40. The co-efficient of coupling between 
two air core coils depends on 

(а) self-inductance of two coils only 

(б) mutual inductance between two 
coils only 

(c) mutual inductance and self induc¬ 
tance of t wo coils 

(d ) none of the above 

6.41. An average voltage of 10 V is induced 
in a 250 turns solenoid as a result of a 
change in flux which occurs in 0.5 
second. The total flux change is 

(a) 20 Wb (b) 2 Wb 

(c) 0.2 Wb (d) 0.02 Wb 

6.42. A 500 turns solenoid develops an 
average induced voltage of 60 V. Over 
what time interval must a flux change 
of 0.06 Wb occur to produce such a 
voltage ? 

(a) 0.01 s (6) 0.1 s 

(c) 0.5 s W)5s 

6.43. Which of the fpllowing inductor will 
have the least eddy current losses ? 

(а) Air core 

(б) Laminated iron core 

(c) Iron core 

(d) Powdered iron core 

6.44. A coil induces 350 mV when the current 
changes at the rate of 1 A/s. The value 
of inductance is 

(a) 3500 mH ( b ) 350 mH 

(c) 250 mH (d) 150 mH 

6.45. Three pure inductances are connected 
as shown in Fig. 6.7. The equivalent 
reactance to replace this circuit is 

1*2 H 

I—onrrrrn—, 0 -4 h 

° -nrrrjn-© m 

1 — 'JLSUUUUU — 1 
0 • 8 H 

Fig. 6 7 
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(a) 0.4 H (b) 0.8 H 

(c) 1.2 H (d) 1.6 H 

6.46. Two 300 pH coils in series without 
mutual coupling have a total induc¬ 
tance of 

(a) 300 pH (b) 600 pH 

(c) 150 pH (d) 75 pH 

6.47. Current changing from 8 A to 12 A in 
one second induced 20 volts in a coil. 
The value of inductance is 

(a) 5 mH (b) 10 mH 

(c) 5 H (d) 10 H 

6.48. Which circuit element(s) will oppose 
the change in circuit current ? 

(а) Resistance only 

(б) Inductance only 
(c) Capacitance only 

(gO Inductance and capacitance 

6.49. A crack in the magnetic path of an 
inductor will result in 

(а) unchanged inductance 

(б) increased inductance 

(c) zero inductance 

(d) reduced inductance 

6.50. The inductance of the following circuit 
across A and B will be 



Fig. 6.8 

(a)L\+L 2 —M (b)Li+L 2 +M 
(c) L\ + L 2 + 2 M (d) L\ + L 2 — 2 M 

6.51. A coil is wound on iron core which car¬ 
ries current/. The self-induced voltage 
in the coil is not affected by 

(a) variation in coil current 

(b) variation in voltage to the coil 

(c) change of number of turns of coil 

(d) the resistance of magnetic path 

6.52. Which of the following statements is 
correct ? 

(a) The inductance of the coil carrying 
a constant D.C. current will change 
the current into pulses 
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(6) The inductance of the coil carrying 
a constant D.C. current will in¬ 
crease the current 

(c)'The inductance of the coil carrying 
a constant D.C. current will not af- 

B. Fill in the Blanks/Say Yes’ or ‘No’: 

6.53. The phenomenon whereby an e.m.f. 
and hence current is induced in any 
conductor which is cut across or is cut 

by a magnetic flux is known as . 

induction. 

6.54. In.Faraday formulated basic laws 

underlying the phenomenon of electro¬ 
magnetic induction. 

6.55. A voltage created by the physical move¬ 

ment of the conductor or the magnetic 
field is known as a.voltage. 

6.56. A moving magnetic field will produce 

the same effect as a conductor that is 
moving. (Yes/No) 

6.57. The polarity of the induced voltage can 

be determined by using the left-hand 
generator rule. (Yes/No) 

6.58. A . may be used to determine the 

direction of the magnetic field if it is 
unknown. 

6.59. Voltage produced by a changing field 

strength is an.voltage. 

6.60.action is caused by interaction be¬ 

tween the magnetic field of a magnet 
and themagnetic field around the wire. 

6.61. Increasing the field or increasing the 

current will decrease the force on the 
conductor. (Yes/No) 

6.62. Reversing the field or the current will 
reverse the force on the conductor. 

(Yes/No)/' 

6.63. In generator action involving a moving 

conductor, the polarity of the induced 
voltage is determined by the length of 
the conductor. (Yes/No) 

6.64. In motor action, a change of flux den¬ 

sity will cause the direction of motion 
to reverse. (Yes/No) 

6.65. In motor action, the force on a conduc¬ 
tor depends on the current in the con- 


6.9 

feet the current 

(d) The inductance of the coil carrying 
a constant D.C. current will 
decrease the current 


ductor, the angle of the qonductor, and 
the.of magnetic fieldj. 

6.66. The amount of induced Voltage in con¬ 
ductor depends on the . of the con¬ 
ductor, and the . of the magnetic 

field. 

6.67. When a conductor moves in the field, so 
that it makes an angle 0 with the lines 
of flux, the force F is given as : 

F = Bl sin 2 8. (Yes/No) 

6.68. law states that the direction of 

induced current is such as to oppose the 
motion or change which produces it. 

6.69. The property due to which the change 

of current in the coil is opposed is called 
as. 

6.70. The self-inductance of the coil may be 
defined as equal to the e.m.f. induced in 
volts when the current in the circuit 
changes at the rate of unit weber turns. 

(Yes/No) 

6.71. The expression for energy stored in the 
magnetic field when the current is in- 

creased from zero is given as : W =*- L 
I joules. (Yes/No) 

6.72. Co-efficient of mutual inductance may 
be defined as the flux linkage (weber- 
turns) linking with one coil caused by 
one ampere current in the other coil. 

(Yes/No) 

6.73. The two coils are said to have mutual 
inductance of one henry, when a cur¬ 
rent changing at the rate of one ampere 
in the circuit induces an e.m.f. of one 
volt in the other.' 

6.74. The co-efficient of ...... is the ratio of 

mutual inductance between the coils 
and the square root of product of self¬ 
inductance of each coil. 
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ANSWERS 


(Electromagnetic Induction) 
A. Choose the Correct Answer : 


6.1. (a) 

6.2. (c) 

6.3. (a) 

6.4. (a) 

6.5. (d) 

6.6. (6) 

6.7. (6) 

6.8. (6) 

6.9. (c) 

6.10. (6) 

6.11. (c) 

6.12. (d) 

6.13. (d) 

6.14. (6) 

6.15. (6) 

6.16. (b) 

6.17. (6) 

6.18. (6) 

6.19. (6? 

6.20. (c) 

6..21. (6) 

6.22. (d) 

6.23. (a) 

6.24. (c) 

6.25. (fc) 

6.26. (d) 

6.27. (c) 

6.28. (b) 

6.29. (6) 

6.30. (d) 

6.31. (c) 

6.32. (d) 

6.33. (c) 

6.34. (c) 

6.35. (c) 

6.36. (c) 

6.37. (6) 

6.38. (a) 

6.39. (d) 

6.40. (c) 

6.41. ( d) 

6.42. (c) J 

6.43. (a) 

6.44. (6) 

6.45. (6) 

6.46. ( b) 

M7-W 

6.48. (b) 

6.49. (d) 

6.50. (c) 

6.51. (i>) 

6.52. (c) 





B. Fill in the Blanks/Say Tes’ or ‘No’: 


6.58. electromagnetic 

6.54. 1831 

6.55. generated 

6.56. Yes 

6.57. Yes 

6.58. compass 

6.59. induced 

6.60. Motor 

6.61. No 

6.62. Yes 

6.63. No 

6.64. No 

6.65. flux density 

6.66. speed, density 

6.67. No 

6.68. Lenz’s 

6.69. self-inductance 

6.70. Yes 

6.71. No 

6.72. Yes 

6.73. Yes 

6.74. coupling 




□ □ 
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Electrolysis and Storage Batteries 

7.1. FARADAY'S LAWS OF ELECTROLYSIS 

First Law. It states that the mass of ion liberated at an electrode is directly proportional to 
the quantity of electricity, i.e ., charge which passes through the electrolyte. 

' - If m = mass of ions liberated 
^ Q = quantity of electricity 

= / x t y where I is the current and t is the time 
Z = constant, known as electrochemical equivalent (I.C.E.) of the substance 
then m = Zlt ...(7.1) 

Second Law. It states that the masses of ions of different substances liberated by the same 
quantity of electricity are proportional to their chemical equivalent weights. 

Electroplating is the application of the principles of electrolysis. 

7.2. PRIMARY AND SECONDARY CELLS 

The electrical energy , in primary as well as secondary cells, is produced from the chemical 
energy liberated as a result of the chemical reactions taking place in the cell. 

Primary Cells. The simple voltage cell is a primary cell. A primary cell supplies current until 
the electrolyte is exhausted or the negative electrode is completely dissolved. The shelf life of a 
primary cell is about one year. 

Some of the primary cells are : 


1. Leclanche cell: 

Anode .Carbon rod or plate 

Cathode .Zinc plate or container 

Electrolyte .An aqueous solution of ammonium chloride 

Open circuit e.m.f. .. About 1.5 V 

2. Clark cell: 

Anode .Mercurous sulphate 

Cathode .Zinc/zinc sulphate 

Electrolyte ..Saturated zinc sulphate 

E.m.f at 15°C .About 1.43 V 

3. Weston cell: 

Electrodes .Cadmium/cadmium sulphate, and mercurous electrodes 

Electrolyte .Solution of cadmium sulphate 

E.m.f at 20°C .1.3183 V 

7.1 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


4. Other primary cells : 

(i) Alkaline primary cells 

(ii) Water activated primary cells ; and 
(Hi) Primary cells with acid electrolytes 

Secondary Cells 

Whereas a primary cell (as earlier mentioned) can supply current until the electrolyte is 
exhausted or the negative electrode is completely dissolved and the cell has to be discarded, the 
secondary cell can be recharged by passing a current in an opposite direction to the current that 
normally flows from the cell. 

—Most of the dry cells (zinc carbon cells) are primary cells. 

—Lead acid cell is a secondary cell. 

Note* The terms cell and battery are used interchangeably but incorrectly. A battery means a group of 
interconnected, cells . Thus a cell is one unit of battery. 

7.3. LEAD ACID BATTERY 

Components of a Lead Acid Battery. (Refer Fig. 7.1) 



Fig. 7.1. The lead acid battery. 
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ELECTROLYSIS AND STORAGE BATTERIES 7.3 

1. Positive plate. Pb0 2 (lead peroxide), deposited on a grid frame of antimony lead alloy. (When 
the battery is in fully charged condition, the positive plate is dark brown in colour). 

2. Negative plate. Pb (porous spongy lead), deposited on a grid frame (similar to the grid frame 
af positive plate). When the battery is in charged condition, the negative plate is grey in colour . 

The number of negative plates in every battery is always one more than the number of the 
positive plates so that action occurs on both sides of the positive plate. 

3. Electrolyte. Dilute sulphuric acid (Sp.gr. 1.28). 

4. Separator. The function of the separator is to keep the positive and negative plates 
electrically apart. 

5. Container. The container is made of hard glass or hard rubber or other acid resistant 
materials. 


Chemistry of a Lead Acid Battery: 

Negative Plate (Pb). When the cell is producing current, lead atoms on the surface of the 
plate lose two electrons each, becoming Pb ++ ions. These Pb ++ ions do not dissolve into the liquid, but 
remain on the plate and attract S0 4 “ ' ions from the sulphuric acid solution, thus forming an invisibly 
tKin layer of PbS0 4 on the negative lead plate. 

Positive Plate (PbQ 2 ). The positive plate consists of lead peroxide (Pb0 2 ), in which each 
lead particle is lacking four electrons, which were given to the oxygen when the plate was formed. 
Each Pb ++++ ion takes two electrons from the external circuit, becoming Pb ++ . 

The energy is obtained from the tendency of neutral lead atotns to give 2 electrons each to 
?b++++ j ons> both becoming Pb ++ as a result of the transfer. 

Incidentally, when Pb ++++ ions of lead peroxide pick up the two electrons, they can no longer 
hold the oxygen, which goes into the solid solution and combines with hydrogen ions of the acid, 
forming water molecules. The lead Pb ++ remains on the plate and picks up S0 4 ~ " from the sulphuric 
acid solution, forming lead sulphate. These actions are shown in Fig. 7.2. 


ELECTROLYTE 
Sulphuric Acid 
<h 2 so 4 ) 

and water 
(H ? 0) 

Maximum 
Sulphuric Acid 

iicrTtT>;r Minimum - 

NEGATIVE water POSITIVE 


S;. r C 


PLATE 
spongy lead 
IPb) 


PLATE 
lead dioxide 


Charged 

(a) 


Load 


I wp 


electrolyte 
D ecreasing 
Sulphuric Acid 
Increasing 
water 


Decreasing 

Pb 

Increasing 

Pb$0 4 


m 




Decreasing 
PbOo.. 
increasing 
PbSOz, 


Discharging 

(0) 
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ELECTROLYTE 

Minimum 
Sulphuric Acid 


M 


Max imum 
Water 


Minrmum 
Lead sponge 
Maximum 
Lead Sulphate 


Minimum 
Lead dioxide 
Maximum 
Lead Sulpnate 


Discharged 

(c) 


— O Charger 


ELECTROLYTE 

Increasing 
Sulphuric Acid 
Decreasing 


water 


Increasing 
Lead sponge 
Decreasing 
Lead Sulphate 


mi 

Increasing 
Lead dioxide 
Decreasing 
Leod SUlphate 


Charging 
(d) 


Fig. 7.2. Charging and discharging of a lead acid battery. 

The charging and discharging of the cell can be represented by a single reversible equation 
given below: 


Discharge 

Pb0 2 ■+ 2 H 2 SO 4 + Pb PbS0 4 + 2H 2 0 + PbS0 4 + electrical 

Charge energy ...(7.2) 


(Positive (Negative (Positive (Negative 

plate) plate) plate) plate) 


The chemical action can go on only where the plates are in contact with H 2 S0 4 solution. In 
order to produce a large current, plates are made so that a lot of surface area is in contact with the 
solution. In a cell, the plates are arranged as shown in Fig. 7.3. 



© 


© 


Fig. 7.3 . Top view , plate arrangement in storage cell. 


Note. Each lead cell produces 2 volts. 6 volts automobile batteries have 3 cells in series ; 12-volt batteries 
have 6 cells in series. 

7.4. EDISON AND NICKEH STORAGE BATTERIES 

These are true long-life batteries. 

Edison (Nickel-iron) Storage Battery 

The Edison is structurally stronger and lighter in weight than lead cells of the same current 
rating. The negative plates consist of a nickeled- steel grid containing powdered iron , with some FeO 
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ELECTROLYSIS AND STORAGE BATTERIES 7.5 

and Fe(OH) 2 * The iron is the source of the electrons, which are attracted through the external circuit 
toward nickel ions, Ni ++ and Ni +++ on the positive plate. The positive plates are nickel-plated tubes 
containing a mixture of nickel oxides and hydroxides, with flakes of pure nickel for increased 
conductivity. The electrolyte is a 21% solution of KOH (potassium hydroxide, caustic potash) which 
is chemically a base rather than an acid. The Edison and nickel-cadmium cells are often called 
alkaline cells, referring to the nature of the electrolyte. 

The disadvantages of the Edison cell are (1) high initial cost , (2) high internal resistance that 
limits maximum current, especially so when the cell is cold. These disadvantages are enough to 
prevent its use in most situations. It is not damaged by remaining in a discharged condition. 

It is used in some portable lighting equipment and in a few marine installations , where it 
neither gets nor needs the attention that lead cells would. 

The Edison battery is appropriate for running electrical traction equipment , such as mine 
locomotives and fork-lift trucks, but not appropriate for starting gasoline and Diesel engines, becaus e 
its internal resistance limits the current too much. 

Nickel-cadmium battery 

The nickel-cadmium battery followed a line of development that produced a battery not 
intended for frequent cycling, but rather a more general-purpose battery that enabled the user to 
draw as many amperes as possible from a battery of given ampere-hour rating, without excessive 
falling-off of voltage. The starting of gasoline and Diesel engines and the operation of signals, relays 
and controls are jobs for which the nickel-cadmium battery is suited. 

7.5. CAPACITY OF A BATTERY 

The capacity of a battery is given in terms of ampere-hours on discharge. This is determined 
by the following factors : / 

(i) Final limiting voltage of the cells, 

(ii) Discharge rate, 

(Hi) Number, design and dimensions of plates, 

(iu) Design of separators, 

(v) Quantity of electrolyte , 

(vi) Density of electrolyte, 

(vii) Temperature etc. 

7.6. EFFICIENCY OF A BATTERY 

The efficiency of a battery is defined as, “the ratio of the output of a cell or a battery to the input 
required to restore the initial state of charge under specified conditions of temperature, current rate 
and final voltage ” 

1. Ampere-hour efficiency = "“P"**”” on x 100% -(7.3) 

ampere-hours on recharge 

(may be about 85% to 95%) 

2. Volt efficiency = &«****£ . ...(7.4) 

average voltage durmg recharge 

3. Watt-hour efficiency = Watt ' h ° Urs out P ut ° D dis f ^ x 100% ...(7.5) 

watt-hours input on recharge 

(may be about 75%) 
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^ . discharge current x average discharge V x time * 

or energy efficiency = — -:---r-•-77— 7 :-x 1 vvvo 

charging current x average charging V x time 

7.7. CHARGE AND DISCHARGE CURVES 

A. Fig. 7.4 shows a typical charge-voltage curve at constant charging rate. 


...(7.6) 



Percentage charge and discharge — 

Fig. 7.4. A typical charge voltage curve at 
constant charging rate. 

B. Fig. 7.5 shows typical discharge curves of a lead acid cell. 




Fig. 7.5. Typical discharge curves of a lead Fig. 7.6. Charge and discharge curves 

acid cell. for Nickel-iron (Edison) alkaline cell. 

C. Fig. 7.6 shows the charge and discharge curves for Nickel-iron alkaline cell. 

7.8. COMPARISON BETWEEN LEAD-ACID CELLS AND ALKALINE CELLS 


S. No. 

Aspects 

Lead-acid Cell 

Alkaline Cell 

1 . 

Positive plate 

Lead peroxide (Pb0 2 ). Dark 
chocolate brown hi colour. 

Perforated steel tubes into which is 
placed nickel hydroxide. 

2. 

Negative plate 

Spongy lead (Pb). Dark grey in 
colour. 

Steel grid into the pocket of which is 
placed powdered iron oxide. 


1 
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electrolysis and STORAGE BATTERIES 7.7 


3. 

Electrolyte 

Dilute solution of sulphuric 
acid (H 2 S0 4 ). 

Dilute solution of caustic potash 
(KOH) into which a small quantity 
of lithium hydroxide is added. 

4. 

Average e.m.f. of 
the cell 

2.0 V. 

1.2 V. 

5. 

Life 

1250 charges and discharges. 

About 5 years. 

6 . 

Cost 

Cheaper than alkaline cell. 

Costlier than the lead-acid cell. 

7. 

Internal resis¬ 
tance 

Low 

High. 

8. 

Efficient 




(a) Ampere-hour 

About 92% 

About 80% 

' 

(i b ) Watt-hour 

About 75% 

About 60% 

9. 

Trickle charge 

Cells when not in use must be 
put on trickle charge. 

No need of trickle charge. 

10. 

Weight per kWh 

More weight 

Lighter. 

11. 

Discharged con¬ 

Should not be left in the dis¬ 

Can be left in the discharged condi¬ 


dition 

charged condition. 

tion. 

12. 

Short circuits 

With short circuits the life of 
the cell decreases to much low 
values. 

Short circuits do not reduce the life. 

13. 

Advantages 

Used more in practice because of 
higher ampere-hour capacities 
and voltages and higher effi¬ 
ciencies. 

(i) Mechanically more sturdy 

(ii) Do not evolve obnoxious fumes 
{Hi) Less maintenance 

(iv) The plates do not buckle or 
swell 


PRIMARY AND SECONDARY CELLS 
A. Primary Cells 


S. No. 

Type 

Voltage (V) 

Remarks 

1 . 

Carbon-zinc 

1.5 

•—Low cost 

—Low current capacity 
—Used for flash lights and toys 

2. 

Zinc-chloride 

1.5 

—Similar to carbon-zinc battery but 
higher current capacity 

3. 

Manganese-alkaline 

1.5 

—-Hydroxide electrolyte 
—High current capacity 

4. 

Silver oxide 

1.5 

—Hydroxide electrolyte 
—Miniature button sizes 

5. 

Lithium 

2.95 

—Long life 
—High cost 
—High energy density 

6. 

Mercury 

1.35 

—Cathode is mercuric oxide 
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B. Secondary Cells 


S. No. 

Type 

Voltage (V) 

Remarks 

1. 

Lead-acid 

2.2 

—Wet electrolyte 
—Lowest cost 

—Very low internal resistance 
—Very high current ratings 

2. 

Nickel-iron 
(.Edison cell ) 

1.36 

—Wet hydroxide electrolyte 
—Industrial uses 

3. 

Nickel-cadmium 

1.25 

—Most common rechargeable 
batteries 

4. 

Silver-zinc 

1.86 

—Rechargeable dry cell 
—High efficiency 

5. 

Silver-cadmium 

1.1 

—Rechargeable dry cell 
—High current rating 
—High energy density 


The following points are worth noting : 

1. Matching a cell means making the lead resistance equal to the generator’s internal 
resistance. The result is maximum power delivered to the load from the cell. 

2. A constant-voltage source has a very low internal resistance. Output voltage is relatively 
constant with changing values of load because of small internal voltage drops. 

3. A constant-current source has a very high internal resistance. This determines the constant 
value of current in the source circuit relatively independent of the load resistance. 


7.9. SOLAR CELLS 

Solar cells contain photosensitive silicon cells. The semi-conductor units when exposed to fight, 
generate voltage output. Typical output per cell is 0.26 V. 

OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer : 

7.1. “The mass of an ion liberated at an 
electrode is directly proportional to the 
quantity of electricity”. 

The above statement is associated with 

(а) Newton’s law 

(б) Faraday’s law of electromagnetic 
induction 

(c) Faraday’s law of electrolysis 

(d) Gauss’s law 

7.2. The charge required to liberate one 
gram equivalent of any substance is 
known as ...... constant 


(a) time (6) Faraday’s 

(c) Boltzman 

(d) Faraday’s and Boltzman 

7.3. The capacity of a cell is measured in 

(a) amperes (6) ampere-hours 

(c) watts (d) watt-hours 

7.4. Active materials of a lead acid cell are 

(a) spongy lead (6) lead peroxide 
(c) dilute H2SO4 ( d ) all of the above 

7.5. Sulphation in a lead-acid battery occurs 
due to 

(a) heavy charging 

( b ) fast charging 
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electrolysis and storage batteries 

(c) trickle charging 

(d) incomplete charging 

7.6. During the charging of a lead-acid cell 

(a) its voltage increases 

(b) it gives out energy 

(c) its cathode becomes dark chocolate 
brown in colour 

(d) specific gravity of H2SO4 decreases 

7.7. The capacity of a lead-acid cell does not 
depend on its 

(a) temperature (6) rate of charge 

(c) rate of discharge 

(d) quantity of active material 

7.8. During charging the specific gravity of 

the electrolyte of a lead-acid battery 
(a) increases (6) decreases 

(c) remains the same 

(d) becomes zero 

7.9. The active materials on the positive 
and negative plates of a fully charged 
lead-acid battery are 

(а) lead and lead peroxide 

(б) lead sulphate and lead 
(c) lead peroxide and lead 
id) none of the above 

7.10. When a lead-acid battery is in fully 
charged condition, the colour of its posi¬ 
tive plate is 

(a) dark grey (6) brown 

(c) dark brown (d) none of above 

7.11. The active materials of a nickel-iron 
battery are 

(а) nickel hydroxide 

(б) powdered iron and its oxide 

(c) 21% solution of KOH 

(d) all of the above 

7.12. The ratio of ampere-hour efficiency to 
watt-hour efficiency of a lead-acid cell 
is 

(a) just one 

( b) always greater than one 

(c) always less than one 

(d) none of the above 

7.13. The best indication about the state of 
charge on a lead-acid battery is given 

by 

(а) output voltage 

(б) temperature of electrolyte 


7.9 

(c) specific gravity of electrolyte 

(d) none of the above 

7.14. The storage battery generally used in 
electric power station is 

(а) nickel-cadmium battery 

( б ) zinc-carbon battery 

(c) lead-acid battery 

(d) none of the above 

7.15. The output voltage of a charger is 

(а) less than the battery voltage 

( б ) higher than the battery voltage 

(c) the same as the battery voltage 

(d) none of the above 

7.16. Cells are connected in series in order to 

(а) increase the voltage rating 

( б ) increase the current rating 
(c) increase the life of the cells 
( 1 d ) none of the above 

7.17. Five 2 V cells are connected in parallel. 
The output voltage is 

(a) 1 V (b) 1.5 V 

(c) 1.75 V (d) 2 V 

7.18. The capacity of a battery is expressed 
in terms of 

(a) current rating ( b ) voltage rating 

(c) ampere-hour rating 

(d) none of the above 

7.19. During the charging and discharging of 
a nickel-iron cell 

(а) corrosive fumes are produced 

( б ) water is neither formed nor ab¬ 
sorbed 

(c) nickel hydroxide remains unsplit 
„ (d) its e.m.f. remains constant 

7.20. As compared to constant-current sys¬ 
tem, the constant-voltage system of 
charging a lead acid cell has the ad¬ 
vantage of 

(а) reducing time of charging 

( б ) increasing cell capacity 

(c) both (a) and ( 6 ) 

(d) avoiding excessive gassing 

7.21. A dead storage battery can be revived 

by 

(а) adding distilled water 

( б ) adding so-called battery restorer 
(c) a dose of H 2 SO 4 

{d) none of the above 
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7.22. As compared to a lead-acid cell, the 
efficiency of a nickel-iron cell is less due 
to its 

(a) compactness 

( b ) lower e.m.f. 

(c) small quantity of electrolyte used 

(d) higher internal resistance 

7.23. Trickle charging of a storage battery 
helps to 

(a) maintain proper electrolyte level 

(b) increase its reserve capacity 

(c) prevent sulphation 

(d) keep it fresh and fully charged 

7.24. Those substances of the cell which take 

active part in chemical combination 
and hence produce electricity during 
charging or discharging are known 
as.materials. 

(a) passive (b) active 

(c) redundant (d) inert 

7.25. In a lead-acid cell dilute sulphuric acid 
(electrolyte) approximately comprises 
the following 

(а) one part H 2 O, three parts H 2 SO 4 

( б ) two parts H 2 O, two parts H 2 SO 4 

(c) three parts H 2 O, one part H 2 SO 4 

(d) all H 2 S0 4 

7.26. It is noticed that during charging 

(a) there is a rise in voltage 

(b) energy is absorbed by the cell 

(c) specific gravity of H 2 SO 4 is in¬ 
creased 

(d) the anode becomes chocolate bra 
in colour (Pb 02 ) and cathode be¬ 
comes grey metallic lead (Pb) 

( e ) all above 

7.27. It is noticed that during discharging 
the following does not happen 

(а) both anode and cathode become 

PbS0 4 

( б ) specific gravity of H 2 SO 4 decreases 
(c) voltage of the cell decreases 

(gO the cell absorbs energy 

7.28. The ampere-hour efficiency of a lead- 
acid cell is normally between 

(a) 20 to 30% ( 6 ) 40 to 50% 

(c) 60 to 70% (d) 90 to 95% 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

7.29. The watt-hour efficiency of a lead-acid 
cell varies between 

(a) 25 to 35% (6) 40 to 60% 

(c) 70 to 80% {d) 90 to 95% 

7.30. The capacity of a lead-acid cell is 
measured in 

(a) amperes {b) ampere-hours 

(c) watts ( d ) watt-hours 

7.31. The capacity of a lead-acid cell depends 
on 

(а) rate of discharge 

(б) temperature 

(c) density of electrolyte 

(d) quantity of active materials 

(e) all above 

7.32. When the lead-acid cell is fully charged, 

the electrolyte assumes . appea¬ 

rance 

(a) dull (b) reddish 

(c) bright (d) milky 

7.33. The e.m.f. of an Edison cell, when fully 
charged, is nearly 

(a) 1.4 V (6) IV 

(c) 0.9 V (d) 0.8 V 

7.34. The internal resistance of an alkali cell 

is nearly.times that of the lead-acid 

cell. 

(a) two {b) three 

(c) four (d) five 

7.35. The average charging voltage for alkali 
cell is about 

(a) IV (b) 1.2 V 

(c) 1.7 V W) 2.1V 

7.36. On the average the ampere-hour ef¬ 
ficiency of an Edison cell is about 

(a) 40% (b) 60% 

(c) 70% (d) 80% 

7.37. The active material of the positive 
plates of silver-zinc batteries is 

(a) silver oxide (b) lead oxide 

(c) lead (d) zinc powder 

7.38. Lead-acid cell has a life of nearly. 

charges and discharges 

(a) 500 (b) 700 

(c) 1000 (d) 1250 

7.39. Life of the Edison cell is at least 

(a) five years (6) seven years 

(c)eight years (d) ten years 
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7.40. The internal resistance of a lead-acid 

cell is.that of Edison cell 

(a) less than ( 6 ) more than 

(c) equal to 

(d) none of the above 

7.41. Electrolyte used in an Edison cell is 

(a) NaOH ( b ) KOH 

(c) HC1 (d) HN0 3 

7.42. Electrolyte used in a lead-acid cell is 

(a) NaOH (6) only H 2 S0 4 

(c) only water ( d ) dilute H 2 SO 4 

7.43. Negative plate of an Edison cell is made 
of 

(a) copper ( b ) lead 

(c) iron (d) silver oxide 

7.44. The open circuit voltage of any storage 
cell depends wholly upon 

(a) its chemical constituents 

(b) on the strength of its electrolyte 

(c) its temperature (d) all above 

7.45. The specific gravity of electrolyte is 
measured by 

(a) manometer 

(b) a mechanical gauge 

(c) hydrometer (d) psychrometer 

7.46. When the specific gravity of the 
electrolyte of a lead-acid cell is reduced 
to 1,1 to 1.15 the cell is in 

(a) charged state 

(b) discharged state 

(c) both (a) and ( 6 ) 

(d) active state 

7.47. In. system the charging current is 

intermittently controlled at either a 
maximum or minimum value 

(a) two rate charge control 

(b) trickle charge 

(c) floating charge 

(d) an equalizing charge 

7.48. Over charging. 

(а) produces excessive gassing 

( б ) loosens the active material 

(c) increases the temperature result¬ 
ing in buckling of plates 

(d) all above 

7.49. Undercharging. 

(a) reduces specific gravity of the 
electrolyte 


7.11 

( 6 ) increases specific gravity of the 
electrolyte 

(c) produces excessive gassing 

(d) increases the temperature 

7.50. Internal short circuits are caused by 

(a) breakdown of one or more separators 

(b) excess accumulation of sediment at 
the bottom of the cell 

(c) both (a) and (b) 
id) none of the above 

7.51. The effect of sulphation is that the in¬ 
ternal resistance 

(a) increases ( b ) decreases 

(c) remains same (d) none of the above 

7.52. Excessive formation of lead sulphate on 
the surface of the plates happens be¬ 
cause of 

(а) allowing a battery to stand in dis¬ 
charged condition for a long time 

( б ) topping up with electrolyte 

(c) persistent undercharging 

(d) low level of electrolyte 

( e ) all above 

7.53. The substances which combine together 

to store electrical energy during the 
charge are called.materials 

(a) active ( 6 ) passive 

(c) inert (d) dielectric 

7.54. In a lead-acid cell, lead is called as 

(а) positive active material 

( б ) negative active material 

(c) passive material 

(d) none of the above 

7.55. The lead-acid cell should never be dis¬ 
charged beyond 

(a) 1.8 V (b) 1.9 V 

(c) 2 V (d) 2.1 V 

7.56. On overcharging a battery 

(а) it will bring about chemical change 
in active materials 

( б ) it will increase the capacity of the 
battery 

(c) it will raise the specific gravity of 
the electrolyte 

(d) none of the above will occur 

7.57. Each cell has a vent cap 

(a) to allow gases out when the cell is 
on charge 
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(6) to add water to the cell if needed 

(c) to check the level of electrolyte 

(d) to do all above functions 

7.58. Following will occur if level of 
electrolyte falls below plates 

(a) capacity of the cell is reduced 

(b) life of the cell is reduced 

(c) open plates are converted to lead 
sulphate 

( d ) all above 

7.59. In const ant-voltage charging method, 
the charging current from discharged 
to fully charged condition 

(a) decreases (6) increases 

(c) remains constant 

(d) none of the above 

7.60. 48 ampere-hour capacity would deliver 
a current of 

(а) 48 amperes for 1 hour 

(б) 24 amperes for 2 hours 

(c) 8 amperes for 6 hours 

(d) 6 amperes for 8 hours 

7.61. In constant ^current charging method, 
the supply voltage from discharged to 
fully charged condition 

(a) decreases (6) increases 

(c) remains constant 

(d) none of the above 

7.62. Battery chargingequipment is general¬ 
ly installed 

(a) in well ventilated location 
{b) in clean and dry place 

(c) as near as practical to the battery 
being charged 

(d) in location having all above features 

7.63. Following will happen if the specific 
gravity of electrolyte becomes more 
than 1.23. 

(а) Loss of capacity 

(б) Loss of life 

(c) Corrosion of the grids of the plate 

(d) All above 

7.64. Batteries are charged by 

(а) rectifiers 

(б) engine generator sets 

(c) motor generator sets 

(d) any one of the above methods 
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7.65. Cell short circuit results in 

(а) low sp. gravity electrolyte 

(б) abnormal high temperature 

(c) reduced gassing on charge 

(d) all above 

7.66. Internal resistance of a cell is reduced 
by 

(а) using vent plug to permit gas 
formed during discharge 

(б) increasing the plate area 

(c) putting plates very close together 

(d) all above methods 

7.67. Capacity of dry cells is 

(а) more when it is supplying current 
for intermittent periods 

(б) more when it is supplying current 
for continuous periods 

(c) unaffected by the type of discharge 
(i d ) none of the above 

7 . 68 . Battery container should be acid resis¬ 
tance, therefore it is made up of 

(a) glass ( b ) plastic 

(c) wood (d) all above 

7.69. Sulphated cells are indicated by 

(a) the loss of capacity of the cell 

(b) the decrease of the specific gravity 

(c) the low voltage of the cell on dis¬ 
charge 

(d) all above conditions 

7.70. In a lead-acid cell, if the specific gravity 
of sulphuric acid is 1.8, it will require 
following ratio of acid to water to get 
mixture of specific gravity of 1.3 

(а) 6 parts of acid to 4 parts of water 

(б) 4 parts of acid to 4 parts of water 

(c) 4 parts of acid to 6 parts of water 

( d ) 4 parts of acid to 8 parts of water 

7.71. Local action in ^ battery is indicated by 

(a) excessive gassing under load condi¬ 
tions 

(b) excessive drop in the specific 
gravity of electrolyte even when thp 
cell is on open circuit 

(c) both (a) and (6) 

(d) none of the above 

7.72. Following will happen if battery charg¬ 
ing rate is too high 

(a) excessive gassing will occur 
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(6) temperature rise will occur 

(c) bulging and buckling of plates will 
occur 

( d ) all above will occur 

7.73. Internal resistance of a cell is due to 

(а) resistance of electrolyte 

(б) electrode resistance 

(c) surface contact resistance between 
electrode and electrolyte 
(i d ) all above 

7.74. If a battery is wrongly connected on 
charge following will happen 

(а) current delivered by the battery 
will be high. 

(б) current drawing will be nil 

(c) current drawing will be very small 

(d) current drawing will be very high 

7.75. In order that a hydrometer may float 
vertically in electrolyte its C.G. should 
be 

(a) lowered (6) raised 

(c) undisturbed 

{d) displaced sideways 

7.76. If a lead-acid cell is discharged below 
1.8 V the following will happen. 

(а) Capacity of cell will reduce 

(б) Sulphation of plates will occur 
(c) Internal resistance will increase 
{d) All above will occur 

7.77. Life of the batteries is in the following 
ascending order. 

(a) Lead-acid cell, Edison cell, Nickel- 
cadmium cell 

(b) Lead-acid cell, Nickel-cadmium cell, 
Edison cell 

(c) Edison cell, Nickel-cadmium cell, 
lead-acid cell 

( d ) Nickel-cadmium cell, Edison cell, 
lead-acid cell 

7.78. Terminal voltage of a cell as shown in 
Fig. 7.7 is the voltage between 


r = interned resistance of the cell 
R = load resistance 
Fig. 7/7 
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(a) L andP (6) N andP 

(c)LandM W) Land AT 

(e) M andiV 

7.79. Persons preparing electrolyte should 
wear 

(а) goggles or other face shield 

(б) rubber 

(c) rubber boots and gloves 

(d) all above safety devices 

7.80. Excessive charging a battery tends to 

(а) produce gassing 

(б) increase the internal resistance of 
the battery 

(cl to corrode the positive plates into 
lead peroxide thereby weakening 
them physically 

(d) bring about all above changes 

7.81. Shelf life of a small dry cell is 

(а) equal to that of large dry cell 

(б) less than that of large dry cell 

(c) more than that of large dry cell 

(d) none of the above 

7.82. The current flow through electrolyte is 

due to the movement of 
(a) ions (6) holes 

(c) electrons 

(d) none of the above 

7.83. Level of electrolyte in a cell should be 

.the level of plates 

(a) below ( b ) equal to 

(c) above 

(d) none of the above 

7.84. Proper charging rate of a battery in 

ampere is. about.of its ampere-hour 

capacity. 

Wff (6) ! 

«i w> I 

7.85. During discharge, the active material 
of both the positive and negative plates 
is changed to 

(a) Pb (b) Pb0 2 

(c) PbO (d) PbS0 4 

7.86.of electrolyte^ndicates the state of 

charge of the battery 
(a) colour ( b ) mass 

^(c) viscosity (d) specific gravity 
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7.87. The following indicate that battery on 
charge has attained full charge 

{a) colour of electrode 
(6) gassing 

(c) specific gravity ( d ) all above 

7.88. If the e.m.f. of a cell is 2 V, internal 
resistance 0.2 Q and the external resis¬ 
tance 0.8 Q then the current delivered 
will be 

(a) 0.5 A (6)1 A 

(c) 1.5 A (d) 2 A 

7.89. Dry cell is modification of 

(a) Deniell cell (6) Leclanche cell 
(c) Lead-acid cell ( d ) Edison cell 

7.90. Capacity of a battery is expressed in 

(a) Ah (6) Vh 

(c) Wh (d) kWh 

7.91. In alkaline cell the electrolyte is 

(а) dilute sulphuric acid 

(б) concentrated sulphuric acid 

(c) NaOH (d) KOH 

7.92. Self charge of a Ni-Fe cell is.Edison 

cell. 

(a) equal to (6) less than 

(c) more than 

(d) much more than 

7.93. For given ampere capacity, weight of 

lead-acid cell is . times that of 

Edison cell. 

(a) | (« f 

(e) 11 (d) 2 

7.94. All dry cells when new have about. 

V. 

(a) 1.0 (6) 1.2 

(c) 1.5 (d) 2.0 

7.95. Polarisation in a cell is due to ac¬ 
cumulation of.gas over anode 

(a) H 2 (6) 0 2 

(c) N 2 {d) S0 2 

7.96. To prevent local action in battery, only 
.is used in electrolytes. 

(a) pump water (6) distilled water 

(c) tap water 

( d ) combination of (a) and (c) 

7.97. Even though voltage of a dry cell, big or 
small, is 1.5 V, small cell delivers less 
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current because it has comparatively 

.internal resistance. 

(a) zero (6) less 

(c) more (d) same 

7.98. Ampere hour capacity of an industrial 

battery is based on.hours discharge 

rate. 

(a) 8 (6) 12 

(c) 16 (d) 24 

7.99. The body of Edison cell is made of 

(a) bakelite (6) rubber 

(c) nickel plated steel 

(d) aluminium 

7.100. Specific gravity of electrolyte in Edison 
cell is 

(a) 0.8 (6) 0.95 

(c) 1.1 {d) 1.21 

7.101. All the electrical connections between 
the battery and vehicle should be by 

(а) thin aluminium wires 

(б) thin copper wires 

(c) rigid cables (d) flexible cables 

7.102. A battery of 6 cells will show a drop of 

. volts from fully charged state to 

fully discharged state. 

(a) 1.0 (6) 1.5 

(c) 2.4 (d) 2.9 

7.103. During the idle period of the battery, 

strong electrolyte tends to change the 
active material of the cell into. 

(a) Pb0 2 (6) PbS0 4 

(c) PbO (d) Pb 

7.104. Charging of sulphated battery produces 
.heat. 

(a) no (6) very little 

(c) less (d) more 

7.105. Hydrogen evolved during charging 
produces explosive mixture when it is 
more than 

(a) 2% (6) 4% 

(c) 6% (d) 8% 

7.106. Weston standard cell at 20°C has volt¬ 
age of.volts. 

(a) 0.8 (6) 0.9 

(c) 1.0187 (d) 1.5 

7.107. When two cells of unequal voltages are 

in parallel, the e.m.f. of the combina¬ 
tion is equal to the e.m.f. of the.cell. 
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(a) small (6) large 

(c) any of the above 

(d) none of the above 

'7.108. Battery chargingroom is to be kept well 
ventilated so as to reduce the hydrogen 

concentration below.percent. 

(a) one ib) two 

ic) thtEe "' ( d ) four 

7.109i Extent of corrosion in the underground 
metal work depends upon 

(a) amotuTtrof moisture 

(b) type of metals 

(c) type of soil chemicals 

(d) att above factors 

7.110. Mercury cell has which of the following 
characteristics ? 

(a) Flat discharge current-voltage 
curve 

(i b ) High power to weight ratio 
(c) Comparatively longer shelf life 
under adverse conditions of high 
temperature and humidity 

id) All of the above 

7.111. In a lead-acid cell the relationship be¬ 
tween no load voltage (V) of the cell and 
the specific gravity (S) of the electrolyte 
is given by 

V=S + k 
where the value of k is 
id) 0.40 (b) 0.84 

ic) 1.5 

id) none of the above 

7.112. To avoid freezing in cold weather, sp. 
gravity of electrolyte of lead-acid cell 
should be kept above 

id) 1.1 ib) 1.2 

(c) 1.225 id) 1.3 

7.113. Charging a sulphated battery at high 
rate results in 

(а) boiling of electrolyte due to gassing 

(б) warping of plates 

(c) damage to separators, cell caps 
covers and battery case due to ex¬ 
cessive temperature 
id) all above 

7.114. Short circuiting of a cell may be caused 
by 

(a) buckling of plates 


ib) faulty separators 

ic) lead particles forming circuit bet¬ 
ween positive and negative plates 

id) excessive accumulation of sediment 

(e) any one of above 

7.115. In a battery cover is placed over the 
element and sealed to the top of the 
battery container. This is done 

id) to reduce evaporation of w^ter from 
electrolyte 

(6) to exclude dirt and foreign matter 
from the electrolyte 
(c) to discharge both of the above func¬ 
tions 

id) to discharge none of the above func¬ 
tions 

7.116. For a cell to work, which of the follow¬ 
ing condition^ become necessary ? 

(a) Two electrodes of different meta j s 

should be inserted in the electrolyte, 
not touching each other 

ib) Electrolyte must chemically react 
with one of the electrodes 

ic) Electrolyte liquid or paste should be 
conducting 

id) All above three conditions are 
necessary 

7.117. Which of the following primary cells 

has the lowest voltage ? 

(a) Lithium ib) Zinc-chloride 

(c) Mercuiy id) Carbon-zinc 

7.118. Which of the following primary cells 
has the highest voltage ? 

(а) Manganese-alkaline 

(б) Carbon-zinc 

(c) Lithium id) Mercuiy 

7.119. While preparing electrolyte for a lead- 
acid battery 

(a) water is poured into acid 
ib) acid is poured into water 
(c) anyone of the two can be added to 
other chemical 

7.120. Which of the following battery is used 
for air-craft ? 

(а) Lead-acid battery 

(б) Nickel-iron battery 
(c) Dry cell battery 

id) Silver oxide battery 
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7.12 1 . Which of the following cell has a reversi- 
ble chemical reaction ? 

(a) Lead-acid ( 6 ) Mercury oxide 

(c) Carbon-zinc ( d ) Silver-oxide 

7.122. Which of the following is incorrect ? 

(а) A storage cell has a reversible 
chemical reaction 

( б ) A lead-acid cell can be recharged 

(c) A carbon-zinc cell has unlimited 
shelf life 

(d) A primary cell has an irreversible 
, chemical reaction 

7.123. The internal resistance of a dry cell is 
of the order of 

(a) 0.01 to 0.04 Q (b) 0.2 to 0.5 Q 
■ (c) 2 to 5 Q (d) 10 to 30 Q 

7.124. Which of the following has lower sp. 
gravity? 

(a) Dilute H2SO4 

( b ) Concentrated H 2 SO 4 

(c) Water 

(< d ) Any of the above 

7.125. Under normal chargingrate, the charg¬ 
ing current should be^ 

(a) 10 % of capacity 

( b ) 20 % of capacity 
-v (c) 30% of capacity 

(d) 40% of capacity 

7426. A generator has an open-circuit e.m.f. 
of 180 V. Its terminal voltage drops to 
-< 150 V with a load resistance of 10 k Q. 

W^iat is the internal resistance ? 

'' (a) 200 Q ( 6 ) 2 k Q 

(c) 20 k Q {d) 200 k Q 

7.127. When two batteries are connected in 
parallel, it should be ensured that 

(a) they have same e.m.f. 

( b ) they have same make 

(c) they have same ampere-hour capa¬ 
city 

(d) they have identical internal resis¬ 
tance 

7.128. A typical output of a solar cell is 

(a) 0.1 V ; (b) 0.26 V 

(c) 1.1 V \ (d) 2 V 

7.129. Petroleum jelly is applied to the electri¬ 

cal connections to the lead-acid battery 
to i '' 
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(a) prevent local heating 
(£>) prevent short-circuiting 

(c) reduce path resistance 

(d) prevent corrosion 

7.130. When the load resistance equals the 
generator resistance which of the 
following will be maximum ? 

(а) Current 

(б) Efficiency of the circuit 

(c) Power in the load resistance 

(d) Voltage across the load resistance 

7.131. The common impurity in the electrolyte 
of lead-acid battery is 

(a) chlorine (6) dust particles 

(c) lead crystals {d) iron 

7.132. What is the reasonable value of current 
that can be continuously drawn from a 
120 ampere-hour capacity lead-acid 
cell?/' 

(a) 2 A (6) 20 A 

(c) 40 A (d) 70 A 

7.133. In a lead-acid battery the energy is 
stored in the form of 

' \ (a) charged ions ( b ) chemical energy 

(c) electrostatic energy 

(d) electromagnetic energy 

7.134. Which among the following constitutes 
the major load for an automobile bat 
tery ? 

(a) Brake light (6) Self starter 
(c) Parking lights (d) Spark plugs 

7.135. Which of the following factors adver¬ 
sely affects the capacity of the lead- 
acid battery ? 

(а) Temperature of surroundings 

(б) Specific gravity of electrolyte 
(c) Rate of discharge 

(c0 All of the above 

7.136. Cells are connected in parallel to 

(а) increase the efficiency 

(б) increase the current capacity 

(c) increase the voltage output 

(d) increase the internal resistance 

7.137. The current in a Chemical cell is a move¬ 
ment of 

(a) positive ions only 
C b) positive and negative ions 

(c) negative ions only 

(d) positiv e-hole cha rge s 
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7.138. A constant-voltage generator has 

(а) minimum efficiency 

(б) minimum current capacity j 

(c ) low internal resistance j 

(d) high internal resistance 

7.139. Which secondary cell has the highest 
voltage output ? 

(а) Nickel-cadmium 

(б) Lead-acid (c) Silver-cadmium 

(i d ) Silver-zinc 

7.140. Satellit e pow er requirement is provided 
through 

(a) solar cells (b) diy cells 

(c) nickel-cadmium cells 
{d) lead-acid batteries 

7.141. Lf a battery is to be charged at a much 
higher rite as compared to normal 
charging rate, the charging should be 
restricted to 

(а) 95% of the capacity of battery 

(б) 80% of the capacity of battery 

(c) 55% of the capacity of battery 

(d) 35% of the capacity of battery 

7.142. For preparing electrolyte for lead-acid 
battery, acid is poured into water to 
(a) avoid explosion 

= ( b ) make initial mixture too weak 

(c) conserve consumption of acid 

( d ) avoid generation of excess heat 

7.143. Which of the following statements is 
incorrect about lead-acid batteries ? 

(а) The electrolyte is weak sulphuric 
acid 

(б) The number of plates is always odd 

(c) The number of positive plates is one 
less than the number or negative 
plates 

(d) None of the above -■ 

7.144. In a lead-acid battery, separators are 
provided to 

(а) reduce internal resistance 

(б) facilitate flow of current 

(c) reduce tendency for polarisation 
_ _ (d) avoid internal short circuits 

7.145. In a lead-acid battery fillers are 
provided 

(а) to recover acid loss through vapours 7 

(б) to prevent flow of gases 


(c) to facilitate flow of gases * 

' (d) all of the above 

7.146. In a lead-acid battery during charging 

(а) specific gravity of acid increases 

(б) voltage drops , / 

(c) anode becomes whitish in colour 

( d ) the cell gives out energy 1 

7.147. A floating battery is one ‘ 

(а) which gets charged and discharged 
simultaneously 

(б) which supplies current intermit¬ 
tently and also during off cycle gets 
charged 

\c) in which'battery voltage is equal to 
charger voltage 

(d) in which the current in the circuit is 
fully supplied by the battery 

7.148. It is normally specified by the manufac¬ 

tures that a lead-acid battery should 
noffremain discharged for more than 
(a) one hour (6) 24 hours 

(c) one week (d) one month 

7.149. Three cells are connected in series to 
form a battery. The internal resistance 
is 0.1 £2 each. The internal resistance of 
the battery is 

(a) 0.1 Q ( b) 0.2 Q 

(c) 0.3 a (d) 0.6 Q 

7.150. The life of a lead-acid battery is ex¬ 
pected to be 

-j (a) two months (6) one year 
(c) two to five years 
{d) ten to fifteen years 

7.151. Tickle charge is required for 

(а) primary cells 

(б) lead-acid batteries 

(c) nickel-iron cells 

(d) all of the above 

7.152. In case of a lead-acid battery a wet 
battery cover indicates 

(а) over filling of the battery 

(б) excb^sive gassing during charging 

(c) leaky seals at covers 

(d) any of the above 

7.153. The electrolyte in a Leclanche cell is 
(a) pyrogallic acid (6) lead stearate 
(c) dilute sulphuric acid - V; ‘ v 

' (rf) aqueous solution of ammonimn 

chloride 

1 - ' '• ■ ■!.. . • • ' -■■■' 
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7.154. A lead-acid battery, even when not in 
use, should be recharged once in 

(a) ten days (6) three weeks 

(c) six ( weeks (d) six months 

7.155. Sedimentation in lead-acid batteries 
occurs due to 

(а) slow charging at low rate 

(б) oyercharging at high rate 

(c) non-utilization for longer periods 

(d) over discharging at slow rate 

7.156. The terminal voltage, when the battery 
is being charged, decreases with 

(a) increasing temperature 
. (6) increasing charging rate 
(c) increasing state of charge 
/ (d)' all of the above 

7.157. Which test is used to ascertain whether 
the battery plates are defective or not ? 

(а) Open volt test 

(б) Cadmium test 

(c) High discharge test 

(d) Sp. gravity test 

7.158. 12 V lead-acid battery has an internal 
resistance of 0.01 LL How much current 
will flow when the battery is short-cir¬ 
cuited ? 

(a) 10 A (6) 100 A 

(c) 600 A (d) 1200 A 

7.159. Which of the following is a dry storage 
cell ? 

(a) Carbon-zinc cell 

(b) Mercury cell (c) N ickel-iron 

(d) Nickel-cadmium cell 

7.160. Two batteries having unequal e.m.f. 

(a) can be connected in series only 

(b) cannot be connected in series 

(c) cannot be connected in parallel 

(d) may be connected in series or in 
parallel 

7.161. Which of the following material is used 
in solar cells ? 

(a) Barium (6) Silicon 

(c) Silver (< d ) Selenium 

7.162. In a lead-acid cell, hydrogen is liberated 
at 

(a) positive plate (6) negative plate 

(c) both positive and negative plates 

(d) nondof the plates 
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7.163. Find the odd one out 

(a) lead-acid cells (b) solar ceils 
(c) fufel cells (d) dry cells 

7.164. The efficiency of a solar cell may be in 
the range 

(a) 2 to 5% ( b) 10 to 15% 

(c) 30 to 40% (d) 70 to 80% 

7.165. A discharged battery is put on charge 
at 5 A for 3.5 hours. After charging it is 
used to supply current for 6 hours to a 
resistance R ohms. The terminal volt¬ 
age across the resistance is 12 V. If the 
ampere hour efficiency of the battery is 
85% the value of R is 

(a) 2 ohm (6) 4 ohm 

(c) 4.84 ohms (d) 5.5 ohms 

7.166. A battery has a 20 hour charge rate of \ 
10 A, the mean value of terminal volt¬ 
age during charging being 2.35 V. It 
supplies 7 A for 25 hours when used 
and the mean terminal voltage, during 
discharging is 1.955 V. The ampere- 
hour and watt-hour efficiencies respec¬ 
tively of the battery are 

(a) 10%, 8% (6) 40%, 30% 

(c) 50%, 45% (d) 87.5%, 60% 

7.167. A cell supplies a current of 0.75 A for 
10 hours. Then its terminal voltage 
drops to a low value. What is the Ah 
rating of the cell ? 

(a) 2.5 Ah (b) 5 Ah 

(c) 7.5 Ah (d) 15 Ah 

7.168. A bank of 12 cells is connected into 3 
parallel branches containing 4 cells in 
"series. What is the equivalent open cir¬ 
cuit e.m.f. of bank ? 

(a) 2 V (b) 4 V 

(c) 6 V (d) 12 V 

7.169. A battery is made up of 5 voltage cells 
in series. Each cell has an open circuit 
e.m.f. of 1.6 V and an internal resis¬ 
tance of 0.08 Q. What is the battery 
terminal voltage for a load of 6 Q ? 

(a) 5 V (6) 6 V 

(c) 7 V (d) 7.5 V 

7.170. The open-circuit e.m.f of a storage cell is 
2.2 V. The terminal voltage measured 
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;• when current is 6 A is found to be 1.98 
V. The internal resistance of the cell is 

(a) 0.00366 Q ( b ) 0.0366 Q 

(c) 0.366 Q (d) 3.66 Q 

7.171. A 30 V source with a central resistance 

of 1 Q is connected across a wire wound 
resistor. Maximum power will be dis¬ 
sipated in the resistor when its R is 

(a) 1 £2 (6) 1.5 £2 

(c) 2 Q (d) 2.5 Q 

7.172. When the internal resistance of a cell 
is large compared to the external resis¬ 
tance in the circuit then high current 
can flow through the external resis¬ 
tance by grouping the cells 

(a) in parallel (6) in series 

(c) in either series or parallel 

(d) mixed 

7.173. Electrolyte for silver plating is 

(a) potassium nitrate solution 

(b) dilute sulphuric acid 

(c) double cyanide of silver and potas¬ 
sium solution 

(d) any of the above 

7.174. For cadmium plating electrolyte used 
is 

(a) cadmium sulphate and sulphuric 
acid 

( b ) cadmium hexa metaphosphate 

(c) sodium cyanide, cadmium and caus¬ 
tic soda 

(d) any of the above 

7.175. Electric supply for electroplating should 
be 

(a) low voltage a.c. voltage 

(b) low frequency a.c. voltage 

(c) d.c. voltage 

{d) any of the above 

7.176. Which of the following is invariably 
seen in an electroplating plant ? 

(a) Distilled water (b) Rectifier 

(c) Barrel 

(d) Carbon brushes 

7.177. Which law(s) find application in electro¬ 
lysis ? 

(a) Ohm’s law (6) Faraday’s laws 
(c) Coulomb’s laws 
{d) Gauss’s law 
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7.178. Electrochemical equivalent is usually 
expressed in 

(a) milligrams/coulomb ' 

(b) milligrams/volt 

(c) milligrams/kW (d) milligrams/kVA 

7.179. Silver coating is provided for 

(a) bearing surfaces 

(b) decorative purposes 

(c) protective surfaces 

(d) all of the above 

7.180. Highest purity copper is obtained by 
(a) electroplating (6) roasting 

(c) smelting 

(d) any of the above processes 

7.181. In electroplating, the character of metal 
deposited is affected by 

(а) surface preparation 

(б) metal-ion concentration 

(c) structure of the metal 

(d) all of the above 

7.182. In electroplating the current efficiency 
is usually 

(a) 40 to 50% (b) 60 to 70% 

(c) 80 to 90% (d) 90 to 98% 

7.183. Coating generally recommended for hard 
surfacing is 

(a) lead plating (6) copper plating 
(c) chromium plating 
(cQ none of the above 

7.184. : Coating usually recommended for 

electrical contacts is that of 
(a/ tin (b) gold 

(e) chromium (d) silver 

7.185. Galvanising is coating of 

(a) chromium (6) lead 

(c) zinc (d) tin 

7.186. The plates of lead-acid storage battery ' 
are most likely to be short-circuited if 

(а) sediments collect at the bottom of 
the battery 

(б) too much water is added 
(c) the electrolyte evaporates 

(cf) the battery is charged too slowly 

7.187. For zinc plating optimum temperature 
is 

(a) 5°C (6) 10 to 15°C 

(c) 25 to 40°C {d) 50 to 80°C 
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7 . 188 . The electrode for a battery must be 

(a) a semi-conductor 

( b ) an insulator 

(c) a good conductor of electricity 

(d) a bad conductor of electricity 

7.189. A cell which is used as a voltage refer¬ 
ence source for instrument calibration 
is 

(a) dry cell (6) solar cell 

(c) mercury-cadmium cell 

( d ) nickel-cadmium cell 

7.190. 121 cells, each of e.m.f. 0.121 V and 
internal resistance 0.121 £2 are con¬ 
nected in parallel. The e.m.f. of parallel 
combination will be 
(a) 121x0.121 V (6) 0.121 V\ 

(d) 1000 V \ 

density is usually 


(6) cadmium plating 


(c) 100 V 

7 . 191 . Higher current 
recommended for 
(a) tin plating 

(c) bronze plating \ 

(d) chromium plating \ 

7.192. Which of the following substance i^dien 
added to electrolyte promotes smooth 
deposition ? 

(a) Glucose (6) Albumen 

(c) Gelatine 

(d) Any of the above 

-7.193. A fuel cell converts ...... energy into 

electrical energy 
(a) mechanical (6) magnetic 

(c) solar (d) chemical 

7.194. The output voltage of a silver oxide cell 


7.195. The ampere-hour (A.h.) capacity of a 
battery used on cars is 

(a) 5 to 10 Ah (b ) 15 to 20 Ah 

(c) 20 to 30 Ah (d) 30 to 60 Ah 

(e) 70 to 100 Ah 

7.196. The value of specific gravity of acid 
when a lead-acid battery is fully 
charged is 

(a) 1.1 ( b ) 1.15 

(c) 1.25 ^ (d) 1.285 

7.197. The e.m.f. of a storage battery depends 
upon 

(а) nature of electrodes \ 

(б) size of electrodes 
(e) shape of the cell 
(g 0 all of the above 

7.198. When n cells each of e.m.f. E volts ancE 
internal resistance r ohms are con¬ 
nected in parallel the strength of cur¬ 
rent I is given by 


7.199. 


7.200. 


(a) E/ 


R + L 


(b) El { R + - 


(a) 1.2 V 
(c) 1.5 V 


(i b) 1.3 V 
(d) 1.9 V 


(c) El (R + r) (d) E/in + Rr) 

One ampere-hour charge is equivalent 
to 

(a) 200 coulombs ( b ) 360 coulombs 
(c) 3600 coulombs (d) 6000 coulombs 

The energy in a lead-acid battery is 
stored in the form of 

(a) nuclear energy 

(b) electrostatic charge 

(c) solar energy 

(d) chemical energy 


B. Fill in the Blanks/Say Tes’ or ‘No': 

7,201.of a substance is equal to the mass 

of its ions liberated by the passage of 
one ampere current for one second 
through its electrolytic solution or by 
the passage of a charge of one coulomb. 

7.202. The second law of . laws of 

electrolysis states that the masses of 
ions of different substances liberated 
by the same quantity of electricity are 


proportional to their chemical equivalent 
weights. 

7.203. As per Faraday’s Law of electrolysis m 

= ZIt. (Yes/No) 

7.204. The charge required to liberate one 

gram-equivalent of any substance is 
known as.constant. 

7.205. Tlie opposing e.m.f. which is produced 
in an electrolyte due to the absorption 
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of gaseous ions by the electrolyte from 
the two-electrodes is known as the back 
e.m.f. of electrolysis or. 

7.206. The minimum voltage required to 
decompose an electrolyte is called the 
.voltage for that electrolyte. 

7.207. Lead peroxide is.in colour. 

7.208. In a lead-acid cell spongy lead forms the 
.active material. 

7.209. The.of a cell is given by the product 

of current in amperes and the time in 
hours during which the cell can supply 
current until its e.m.f. falls to 1.8 

7.210. The.of plates not only decreases the 

internal resistance but additionally in¬ 
creases the capacity of the cell also. 

7.211. There is always . more negative 

plate than the positive plates. 

7.212. When the cell is'fully charged, it freely 

gives off hydrogen at cathode and 
oxygen at the anode, the process being 
known as. 

7.213. When the lead-acid cell is fully charged 
the ...... ceases to rise. 

7.214. The voltage of a fully charged cell is a 

variable quantity being affected by the 
rate of. 

7.215. Alkaline batteries are suited for . 

work. 

7.216. The lead-acid battery should not be left 

in.condition for long. 

7.217. The efficiencies of an Edison cell are 

lower than those of the.cell. 

A 218. The principal disadvantage of the. 

battery is its high initial cost. 

7.219. As compared to lead-acid cells, the. 

cells operate much better at low 
temperature, do not emit obnoxious 
fumes, have very small self discharge 
and their plates do not buckle or swell. 

7.220. Cells which are reversible may be used 

as.cells. 

7.221. The essential requirement of a good 

storage cell is that both the electrode 
material and products of chemical reac¬ 
tion should be practically . in 

electrolyte. 


7.21 

7.222. The voltage of a battery is the ...... of 

each cell multiplied by the.. of such 

cells in series. 

7.223. The grids of the negative plates are 
lighter than those of the positive plates. 

(Yes/No) 

7.224. The jars of lead acid storage batteries 
may be made of ebonite; moulded plas¬ 
tics, ceramics and glass. (Yes/No) 

7.225.ratings of the batteries are or¬ 

dinarily corresponding to the require¬ 
ments of the service for which the 
particular type of cells are adapted. 

7.226. Batteries for operating oil circuit 

breakers are given a.rating. 

7.227. For railway signal service, a ..hour 

rating is often specified. 

7.228. The.of a storage battery is defined 

as the ratio of the output of a cell or a 
battery to the input required to restore 
the initial state of charge under 
specified conditions of temperature, 
current rate and final voltage. 

7.229. Ampere-hour efficiency 

ampere hours on recharge „ 

=- - -;- X 100%. 

ampere hours on discharge 

(Yes/No) 

7.230.cells are additional cells in the bat¬ 

tery so that the voltage from the bat¬ 
tery required for load under different 
conditions can be fairly adjusted and 
maintained as required. 

7.231. Nickel-cadmium batteries have.in¬ 

ternal resistance and therefore main¬ 
tain their terminal voltage more nearly 
.than other types of batteries. 

7.232. In the Nickel-cadmium cell the number 

of positive plates is one more than 
negative plates, hence in every as¬ 
sembled cell, the extreme plates will be 
positive. (Yes/No) 

7.233. The plates of alkaline cells do not 

buckle or swell. (Yes/No) 

7.234 . cells do not evolve obnoxious 

fumes, 

7.235 . cells, in comparison to alkaline 

cells, require more maintenance. 
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7.236. Electroplating is the application of the 

principles of. 

7.237. When any metal is placed in an 

electrolyte, there is always a tendency 
for the metallic positive ion to go into 
the solution while at the same time 
there is a tendency of the positive ions 
of the solution to be deposited over the 
metal, (Yes/No) 

7.238. The metal roads connected to the poles 

of the battery are called. 

7.239. The ratio of atomic weight to valency is 

known as the chemical equivalent of 
the metal. (Yes/No) 

7.240. There are two types of lead plates (in a 

lead-acid cell) known as Plante and 
Faure. (Yes/No) 

7.241. The lead-acid cell should be recharged 
as soon as possible after the discharge. 

(Yes/No) 

7.242. If the battery (lead-acid) is not being 
used continuously it should be put on 
.charge. 

7.243. In a lead-acid battery only pure and 
colourless sulphuric acid should be 
added whenever necessary. (Yes/No) 

7.244. The most useful application of lead-acid 
batteries is that they are used for auto¬ 
matic starting of heavy automobiles. 

(Yes/No) 

7.245. The capacity of a nickel-iron cell . 

when its electrolyte is exposed to air. 

7.246. Nickel-iron cells cannot be kept in a 
discharged condition for a long period. 

(Yes/No) 

7.247. Weight per kWh of a lead-acid cell is 
less than the weight of an alkaline cell.' 

(Yes/No) 

7.248. A lead-acid cell is.than an alkaline 

cell. 

7.249. Short-cirfcuits in an alkaline cell do not 

reduce the life. (Yes/No) 

7.250. A group of cells delivers maximum cur¬ 

rent to a given load when the internal 
resistance of the group of the cells is 
equal to the. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

7.251. . plates are lighter, have high 

capacity and are cheaper than. 

7.252.terminal post of a lead-acid cell is 

usually of bigger diameter than the 
diameter of.terminal post. 

7.253. Low level point of the electrolyte is just 

above the top of.and high point is 

1.5 mm below the bottom of. 

7.254. Average value of quantity efficiency of 

lead-acid cell is.and that of energy 

efficiency is. 

7.255. In Edison alkaline accumulators the 

active materials for positive plate is 
.and that of negative plate is. 

7.256. For given voltage, number of alkali 

cells required will be about.times 

the number of lead-acid cells. 

7.257. The phenomenon of slow reaction 

taking place between the chemicals of 
a battery on no load is called. 

7.258. Full charge sp. gravity of the battery 
.with the age of the battery. 

7.259. Freezing is easier in case of wet battery 

which is fully. 

7.260. Expander is used on . plate of the 

battery. 

7.261. Battery terminal painted red denotes 

positive terminal and that painted 
green or blue denotes negative ter¬ 
minal. lYes/No) 

7.262. For best performance, an industrial 
battery should be operated between 
temperature range of 15.5 to 26.5°C. 

(Yes/No) 

7.263. Three industrial applications of 


electrolysis are :.,.and. 

7.264. Continued consumption of negative 
electrode even though the battery is on 
open circuit is due to the .which is 


like an internal short-circuit. 

7.265. A sulphated battery should be charged 

always at low rate covering over long 
periods. (Yes/No) 

7.266. Hydrometer should be flushed with 
alkali every time after its use. 

(Yes/No) 
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7 267. .forms on the plates of a wet battery 

if kept for long idle periods without any 
recharge which damages the batteiy. 

7.268. Self discharge is less in Ni-Fe cells than 
in Edison cells. (Yes/No) 


7.23 

7.269. In order to make up the level of acid in 
a lead-acid cell distilled water is added. 

(Yes/No) 

7.270. A.battery would require ten nick¬ 

el-alkali cells. 


ANSWERS 

(Electrolysis and Storage Batteries) 


A. Choose the Correct Answer: 
7.1. (c) 7.2. (6) 

7.3. (6) 

7.4. (d) 

7.5. (d) 

7.6. 

(a) 

7.7 (6) 

7.8 (a) 

7.9. (c) 

7.10. (c) 

7.11. 

(d) 

7.12. (6) 

7.13. (c) 

7.14. (c) 

7.15. (6) 

7.16. 

(a) 

7.17. (d) 

7.18. (c) 

7.19. (6) 

7.20. (c) 

7.21. 

(d) 

7.22. (d) 

7.23. (d) 

7.24. (6) 

7.25. (e) 

7.26. 

(e) 

7.27. (d) 

7.28. (d) 

7.29. (c) 

7.30. (6) 

7.31. 

(e) 

7.32. ( d ) 

7.33. (a) 

7.34. (d) 

7.35. (c) 

7.36. 

(d) 

7.37. (a) 

7.38. (d) 

7.39. (a) 

7.40. (a) 

7.41. 

(6) 

7.42. (d) 

7.43. (e) 

7.44. (d) 

7.45. (c) 

7.46. 

(b) 

7.47. (a) 

7.48. (d) 

7.49. (a) 

7.50. (c) 

7.51. 

(a) 

7.52. (e) 

7.53. (a) 

7.54. (6) 

7.55. (a) 

7.56. 

(d) 

7.57. id) 

7.58. (d) 

7.59. (a) 

7.60. (d) 

7.61. 

(b) 

7.62. ( d ) 

7.63. (d) 

7.64. (d) 

7.65. (d) 

7.66. 

(< d) 

7.67. (a) 

7.68. (d) 

7.69. (d) 

7.70. (c) 

7.71. 

(d.) 

7.72. (d) 

7.73. (d) 

7.74. (d) 

7.75. (a) 

7.76. 

(< d ) 

7.77. (a) 

7.78. (d) 

7.79. (d) 

7.80. (d) 

7.81. 

(b) 

7.82. (a) 

7.83. (c) 

7.84. (a) 

7.85. (d) 

7.86. 

(d) 

7.87. {d) 

7.88. (d) 

7.89. (b) 

7.90. (a) 

7.91. 

(d) 

7.92. (6) 

7.93. (d) 

7.94. (c) 

7.95. (a) 

7.96. 

(i b ) 

7.97. (c) 

7.98. (a) 

7.99. (c) 

7.100. (d) 

7.101. 

(d) 

7.102. (c) 

7.103. (6) 

7.104. (d) 

7.105. (d) 

7.106. 

(c) 

7.107. (6) 

7.108. (c) 

7.109. (d) 

7.110. (d) 

7.111. 

(b) 

7.112. (c) 

7.113. (d) 

7.114. (e) 

7.115. (c) 

7.116. 

(d) 

7.117. (c) 

7.118. (c) 

7.119.(6) 

7.120. (6) 

7.121. 

(a) 

7.122. (c) 

7.123. (6) 

7.124. (c) 

7.125. (a) 

7.126. 

(b) 

7.127. (a) 

7.128. (6) 

7.129. (d) 

7.130. (c) 

7.131. 

(d) 

7.132. (c) 

7.133. (6) 

7.134. (6) 

7.135. (d) 

7.136. 

C b) 

7.137. (6) 

7.138. (c) 

7.139. (6) 

7.140. (a) 

7.141. 

(6) 

7.142. id) 

7.143. (d) 

7.144. (d) 

7.145. (c) 

7.146. 

(a) 

7.147. (6) 

7.148. (6) 

7.149. (c) 

7.150. (c) 

7.151. 

(< d ) 

7.152. ( d) 

7.153. (d) 

7.154. (c) 

7.155. (6) 

7.156. 

(a) 

7.157. (6) 

7.158. (d) 

7.159. (d) 

7.160. (a) 


Downloaded From : www.EasyEngineering.net 




Downloaded From : www.EasyEngineering.net 


7.24 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


7.161. 

(b) 7.162. ( b) 

7.163. ( b) 

7.164. ( b) 

7.165. (c) 

7.166. 

(d) 7.167. (c) 

7.168. (c) 

7.169. (d) 

7.170. (6) 

7.171. 

(a) 7.172. (a) 

7.173. (c) 

7.174. (c) 

7.175. (c) 

7.176. 

(b) 7.177. (6) 

7.178. (a) 

7.179. (d) 

7.180. (a) 

7.181. 

(d) 7.182. (d) 

7.183. (c) 

7.184. (d) 

7.185. (c) 

7.186. 

(a) 7.187. (c) 

7.188. (c) 

7.189. (c) 

, 7.190. (6) 

7.191. 

(d) 7.192. (d) 

7.193. (d) 

7.194. (c) 

7.195. (d) 

7.196. 

(d) 7.197. (a) 

7.198. (a) 

7.199. (c) 

7.200. (d) 

B. Fill in the Blanks/Say *Yes’ 

or ‘No’: 



7.201. 

Electrochemical equivalent 

7.202. Faraday’s 


7.203. Yes 

7.204. 

Faraday’s 

7.205. polarisation 


7.206. decomposition 

1207. 

dark brown 

7.208. negative 


7.209. capacity 

7.210. 

interlacing 

7.211. one 


7.212. gassing 

7.213. voltage 

7.214. charging 


7.215. portable 

7.216. 

discharged 

7.217. lead-acid 


7.218. Edison 

1219. 

alkaline 

7.220. storage 


7.221. insoluble 

7.222. 

voltage, number 

7.223. Yes 


7.224. Yes 

7.225. 

Commercial 

7.226. one minute 


7.227. 72 

7.228. 

efficiency 

7.229. No. 


7.230. End 

7.231. 

very low, constant 

7.232. Yes 


7.233. Yes 

7.234. 

Alkaline > 

7.235. Lead-acid 


7.236. electrolysis 

7.237. 

Yes 

7.238. electrodes 


7.239. Yes 

7.240. 

Yes 

7.241. Yes 


7.242. trickle 

7.243. 

Yes 

7.244. Yes 


7.245. decreases 

7.246. 

No 

7.247. No 


7.248. cheaper 

7.249. 

Yes 

7.250. load resistance 

7.251. Faure, Plante 

7.252. 

Positive, negative 

7.253. separators, filling tube 

7.254. 75%, 90% 

7.255. 

NiO(OH), Iron 

7.256.11 


7.257. Self discharge 

7.258. 

, decreases 

7.259. discharged 


7.260. negative 

7.261. 

Yes 

7.262. Yes 



7.263. 

electroplating, electro refining of metals, extraction of metals 

'7.264. local action 

7.265. 

Yes 

7.266. No 


7.267. PbS0 4 

7.268. 

Yes 

7.269. Yes 


7.270. 12 V. 
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A.C. Fundamentals, Circuits 
and Circuit Theory 


8.1. ALTERNATING VOLTAGE AND CURRENT 

Modern alternators produce an e.m.f. which is for all practical purposes sinusoidal {i.e. , a sine 
curve), the equation between the e.m.f. and time being 

e = Emax Sm (J3t ...(8.1) 

where e = instantaneous voltage ; E max = maximum voltage 

(tit = angle through which the armature has turned from neutral. 

Taking the frequency as f hertz (cycles per second), the value of to will be 2 7if, so that the 
equation reads 

e = E max sin (2it fit. 

The graph of the voltage will be as shown in 
Fig. 8.1. 

Cycle. Orte complete set of positive and 
negative values of an alternating quantity is known 
as a cycle. A cycle may also sometimes be specified w 1 
in terms of angular measure. In that case, one 
complete cycle is said to spread over 360° or 2n 
radians. 

Amplitude. The maximum value, positive 
or negative, of an alternating quantity, is known as 
its amplitude. 

Frequency (f). The number of cycles/second is called the frequency of the alternating 
quantity. 

Its unit is hertz (Hz). 

Time Period (T). The time taken by an alternating quantity to complete the cycle is called 

its time period. For example, a 50 hertz (Hz) alternating current has a time period of —r second. 

ou 



Fig. 8.1. The graph of the sinusoidal voltage. 


i.e.. 


Time period is reciprocal of frequency, 


T = ±\orf=± 


f 


.( 8 . 2 ) 


Room mean square (R.M.S.) value. The r.m.s. value of an alternating current is given by 
that steady (D.C.)'current which when flowing through a giv$n circuit for a given time produces the 


8.1 
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same heat as produced by the alternating current when flowing through the same circuit for the same 
time . 

R.M.S. value is the value which is taken for power purposes of any description. This value is 
obtained by finding the square root of the mean value of the squared ordinates for a cycle or half-cycle 
(See Fig. 8.1). 

E r . m .,=E max x~= 0.101 E max , ...(8.3) 

This is the value which is used for all power, lighting and heating purposes, as in these cases 
the power is proportional to the square of the voltage. 

Average or mean value. The average value of an alternating current is expressed by that 
steady current which transfers across any circuit the same charge as is transferred by that alternating 
current during the same time. 

The average value of the voltage will be found to be 0.636 of the maximum value for a perfect 
sine wave, giving the equation 

TjqH' - 0.636 Eyy UJXt ...(8.4) 

The mean value is only of use in connection with processes where the results depend on the 
current only, irrespective of the voltage, such as electroplating or battery charging. 

8.2. FORM FACTOR AND PEAK FACTOR 

Form factor. The ratio ofr.m.s. (or effective) value to average value is the form factor (Kf) of 
the waveform . It has use in voltage generation and instrument correction factors. 

Peak factor. The ratio of maximum value to the r.m.s. value is the peak factor ( K p ) of the 
wave form. 


Waveform 

Form factor (Kf) 
r.m.s. value 
average value 

Sine wave : 


. fmax 

ky\ 


Tim# — 

. Fig. 8.2 

R.M.S. value - ,— 

VT 

= 0.707 I max 

0.707 I max 

Kf = 7T R o a r = 1 ■ 1 1 

7 0.636 I max 

Average value = — Imax 

JT 


= 0.636 lmax 



S.No . 


Peak factor (Kp) 
_ max, value 
r.m.s. value 


1 . 


_ max 

p ~ 0.707 I„ 


-= 1.41 
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Half wave rectified sine wave: 


a.3 


‘max 

(-One cycle—.j 

Fig. 8.3 


R.M.S. value = = 0.5 1„ 


Average value = -I max = 0.318 I max 

JT 


jjr 0.5 I m<JX 

Kf o73l8 L " " 1,57 




p 0.5 /„ 


■ = 2.0 


Full wave rectified sine wave : 


/ max 

£ ST\ _ 

(—One cycle—J 

Fig. S.4 

R.M.S. value = = 0.707 


Average value = —I rriaj: = 0.636 

JC 




0.707 /„ 


1 11 

f 0.636 I max 


K, 


' p 0.707 /„ 


■ = 1.41 


Rectangular wave: 


max 


-I 


-Time 


mox 


Fig. 8.5 
R.M.S. value = I max 
Average value = l ma 


K f =l 


K p = 1 


5. 


Triangular wave: 


l max 


. T ime 


! max 

Fig. 8.6 
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R.M.S = ^=p = 0.578/ mai . 
Average value = = 0.5 I max 


0.578 I max 
K f= 05/ =116 

uo l max 
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'V-nfc-*;™ 


Reasons for using alternating current (or voltage) of sinusoidal form : 

An alternating current (or voltage) of sinusoidal form is normally used because of the following 
reasons : 

1. Mathematically, it is quite simple. 

2. Its integrals and differentials both are sinusoidal. 

3. It lends itself to vector representation. 

4. A complex wave form can be analysed into a series of sine waves of various frequencies, 
and each such component can be dealt with separately. 

5. This waveform is desirable for power generation, transmission and utilisation. 

8.3. A.C. THROUGH PURE OHMIC RESISTANCE ALONE 

Where a sinusoidal e.m.f. is placed across a pure resistance the current will be in phase with 
the e.m.f , and if shown graphically will be in 

phase with the e.m.f. curve. v 


The current 


-4 



i.* 

1 R 

W 

o 



e> 



1 in phase 


where V = r.m.s. value of the applied e.m.f. 

or voltage ; c with V 

R = resistance in ohms 8 - 7 - Purely resistive circuit. 

(The value of I will be the r.m.s. value) 

The power in a purely resistive circuit is given by the product of the r.m.s. voltage and the 
r.m.s. current, i.e., P = VI. 

8.4. A.C. THROUGH PURE INDUCTANCE ALONE 

If a sinusoidal e.m.f. is placed across a pure inductance the current will be found to be, 

V 


1 = 


2nfL 


where V = voltage (r.m.s. value) ; /*= frequency ; and L = the inductance in henries ( H) 

(The value of I being the r.m.s. value) f 

— The current will lag behind the voltage and the graphs will be as shown in Fig. 8.8, the 
phase difference being 90°. 

V 
V 


1 u 
-L-nmrm 


- v - 

-e- 


x u = wl* 2 tl fL 
V 


I =TT- 


2nfl 



■\ 


1 lags V by 90 


Fig. 8.8 . Purely inductive circuit . 
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8.5 


— The expression 2nfL (or toL) is termed as inductive reactance (XjJ. 

— Power consumed is zero. 

5.5. A-C. THROUGH PURE CAPACITANCE ALONE 

If a sinusoidal e.m.f. is placed across a capacitor the current will be, 

/ = (2jt/). CV 

vhere C = capacitance in farads (F) ; f = frequency ; and V = voltage (r.m.s. value) 
— In this case the current leads the voltage by 90°, as shown in Fig. 8.9. 


1 


-0- 


The expression 
given by 


/ 1 


<*> 



90 ^ 



j3 


\ 


1 

I leods V by 90° 


c 2 ntc 

I » _y_ 

X c 

= 2 ntcV 

Fig . 8.9. Purely capacitive circuit. 

2nfC ( ° r ^ * s *' ermec * ca P ac itive reactance (X c ) and the current is 


1 = 


X 


Power consumed is zero. 


PHASOR ALGEBRA 

The following are the methods of representing vector quan¬ 


tities : 


1, Symbolic notation 
3. Exponential form 


2. Trigonometrical form 
4. Polar form. 


A vector as shown in Fig. 8.10 may be described in the above X 
form as follows : 


1. Symbolic notation : 

2. Trigonometrical form : 

3. Exponential form : 

4. Polar form : 


E = a + jb 


E = Va 2 + 6 2 (cos 0+7 sin 0) 



[ = Va 2 + 6 2 (cos 0+7 sin 0)] in general 


E = Va 2 x 6 2 e +j ' e 
[= Va 2 + 6 2 e 1 - 70 ] in general 


£ = Va 2 + 6 2 Z 6 
[= Va 2 + 6 2 Z. + 0] in general. 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


A,C. CIRCUITS 

8.6. A.C. SERIES CIRCUITS 

8.6.1. R-L Circuit (Resistance and Inductance in Series) 
R-L circuit is shown in the Fig. 8.11. 

Important formulae: 

1. Impedance, Z = Vi? 2 + Xj^ 

(where X^-lnfL Q) 

2. Current, 

3. Power factor, 






i-l 


~V RS ir 4-V l , ix l J 


V 

~0“ 


R 


true power _ W 

apparent power VA 

R 


(or angle of lag, (J> = cos 1 
4. Power consumed, 

P = VI cos <(> f = IZxIxj=I 2 R 



v r .ir 

(b) Phator diagranf 
(1 tags V by angle*) 

2^ 


(d) Impedance triangle 

Fig, 8.11. Resistance and inductance in series. 


8.6.2. R-C circuit (Resistance and Capacitance in Series) 
R-C circuit is shown in Fig. 8.12. 

X r—l 
T” R V C „c 


-w^-|- 1 |- 

-v Ra ir4v c «ix c . 


■0" 



V C «1X C 



(a) 

(a) R-C circuit 


(b) 


(b) Phasor diagram 
(I leads V by angle <j>) 

Fig. 8.12. Resistance and capacitance in series. 

Important formulae: 


(c) 

(c) Impedance triangle 




1. Impedance, Z = Vi? 2 + Xq 

V 

2. Current, I = — 

Z 

R 

3. Power factor, cos <f» = 

^ or angle of lead, <)> = cos -1 ^ 

4. Power consumed = VI cos (= J z R) 


( where Xq = 2nfC ^ ^eing m j 
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XV fundamentals, circuits and circuit theory 


8.6.3. R-L-C Circuit (Resistance, inductance and capacitance in series) 
Fig. 8.13 shows a R-L-C circuit. 

V, 


|(X L -Xc> 



(a) R-lv.C • Circuit 



T (v l- v c 

V ,R 

Vc 

Phasor diagram 

V L 

\ 

v r“ 1r 



(V C -V L ) 


impedance triangle 
(b) X L >X C 


•I 


FcrV 


Phasor diagram impedance triangle 

(c) X C >X L 

Fig. 8.13. Resistance, inductance and capacitance in series. 

Important formulae: 

where Xp = 2n fL, L in henries 


and Xc z 


2nfC 


1. Impedance, Z = Vtf 2 + (Xl - Xc) 2 

2. Current, I = — 

Z 

I? 

3. Power factor, cos ((> = — 

Zj 

angle of lag (when Xp > Xq) or lead (when Xc > X£), <)> = cos -1 

4. Power consumed = VI cos (= I 2 R) 

Resonance in R-L-C Circuits 

Refer Fig. 8.13 (a). 


, C in farads 


R 






Fig. 8.14. Reactance (X) v Is 
frequency (f). 


Fig. 8.15. Current in R-L-C 
circuit vjs frequency. 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


The frequency of the voltage which gives the maximum value of the current in the circuit is 
called resonant frequency, and the circuit is said to be resonant. 

At resonance, Xi = X c 

L 


i.e ., 


2 jt fjL = 

fr = 


2 n f r C 

1 


...(8.5) 


2kVLC 

where f r = resonance frequency in Hz ; L = inductance in henries ; and C = capacitance in farads. 

Fig. 8.14 shows variation of Xf, Xq , and X (total reactance = Xf — Xq) with variation of 
frequency f. 

Fig. 8.15 shows the variation of current (7) with frequency (/). 

At series resonance, it is seen that: 

1. The impedance of the circuit is minimum and equal to the resistance ( R ) of the circuit 

H-S) 


2 . The current drawn is maximum (i.e., I = I max ). 

3. The phase angle between the current and voltage is zero ; the power factor is unity. 

1 


4. The resonant frequency is given by f r = 


; if the frequency is below the resonant 


2 nVLC 

frequency, the net reactance in the circuit is capacitive and if the frequency is above the resonant 
frequency, the net reactance in the circuit is inductive. 

Q-factor of a Series Circuit: 

In the case of a R.L.C. circuit it is defined as equal to the voltage magnification in the circuit 
at resonance. 


Q-factor = 


...( 8 . 6 ) 


where R = resistance in Q ; L = inductance in H ; and C = capacitance in F. 

In the case of series resonance, the higher quality factor i.e. Q factor means not only higher 
voltage magnification but also a higher selectivity of the tuning coil. 


8.7. A.C. PARALLEL CIRCUITS 

In A.C. parallel circuits \ ^ + -Jr- + 77- 

L Z L Z2 ^3 

(In series AC. circuits : Z = Z\ = Z 2 + Z 3 ) 

The term written as Y is called the admittance. The unit of admittance is mho. 

Zj 

Also, Y = Vg 2 +B 2 

where G = conductance (always positive) 

and B = susceptance (+ ve for inductive reactance and negative for capacitive reactance) 

The units of conductance and susceptance are mho 

Also power factor = 
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8 . 8 . RESONANCE IN PARALLEL CIRCUITS 

At parallel resonance, it is seen that: 

(i) The admittance of the circuit is minimum and is equal to the conductance of the circuit. 
(ii) The current drawn is minimum. 

(Hi) The phase angle between the current and voltage is zero, the power factor is unity . 

(iu) The resonant frequency is given by f r = if the resistance in the inductance and 

capacitance branches is negligible. 


8.9. COMPARISON OF SERIES AND PARALLEL RESONANT CIRCUITS 


S.No. 

Aspects 

Series Circuit 

Parallel Circuit 



(R-L-C) 

(R~L and C) 

1 . 

Impedance at resonance 

Minimum 

Maximum 

2. 

Current at resonance 

Maximum = ~ 

Minimum = V/(L/CR ) 

3. 

Effective impedance 

R 

LICR 

£. 

5. 

Power factor at resonance 

Resonant frequency 

Unity 

1 

Unity 

l -\/7 1 R 2 ) 

2 nVLC 

2* (lc' L 2 j 

6. 

It magnifies 

Voltage 

Current 

7, 

Magnification is 

toL 

R 

coL 

R 


8.10. Q-FACTOR OF A PARALLEL CIRCUIT 


It is defined as the ratio of the current circulating between its two branches to the line current 
drawn from the supply or simply , as the current magnification 


Q-factor = -pr 
H 



8.11. HALF POWER FREQUENCIES 

The half power frequencies are those frequencies at 
which the power dissipation in the circuit is half of the power 
dissipation at resonant frequency fo. They are the correspond¬ 
ing frequencies f\ and f<i at the value of current I = 1q/V2 ; 
where J 0 is the current at resonance in R-L-C series circuit 
(Refer Fig. 8.16). 

Hence power Pq drawn by the circuit at the resonance 
is 


-.“.(8.7) 



Frequency 


Po = Io 2 R ...( 8 . 8 ) 


Fig. 8.16 
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Power in the circuit at f\ 


Power in the circuit at /*2 





Bandwidth and Selectivity: 


(= half the power at resonance) 


(= half the power at resonance) 


The difference (/*2 - f\) is called th£ bandwidth of the resonant network. 

The ratio of the bandwidth to the resonance frequency is defined as the selectivity of the circuit. 
When frequency is varied in R-L-C circuit, the selectivity becomes 

h. - A _ 1 
fo Qo 

where Qq is the quality factor of the resonant circuit. 


...(8.9) 


8.12. THREE PHASE CIRCUITS 

In case of three-phase circuits, the three-phase currents are determined by considering each 
phase separately, and calculating the three-phase currents from the phase voltages and impedances 
in the same manner as for single-phase circuits. In practice, three-phase systems are usually 
symmetrical , the loads being balanced. In such cases the calculations are simple and straight 
forward. 

Having calculated the phase currents, the line currents are obtained from the following simple 

rules : 


1. Star-connected system: 

Line current (7^) = phase current {Ipf) ...(8.10) 

Line voltage (Ef) = V3^ phase voltage ( = VS E p h) ...(8.11) 

2. Delta connected system : 

Line current (Ij) = VS phase current ( = VS I p f) ...(8.12) 

Line voltage (Ejf) = phase voltage (E p f). ...(8.13) 

Power in a Three-phase Circuit 


The total power in a three-phase circuit is the sum of the power in the three-phases. The 
expression for power, both for star and delta connections , is given by : 

P = VS VI cos 4) ...(8.14) 

where V and 7 are the line volts and line current and cos 4> represents the power factor. 

The above expression does not hold, good for unbalanced or unsymmetrical systems. 

(Most three-phase apparatus such as motors can be assumed to form a balanced load, and 
calculations for current etc. can be based on this assumption, using the above expression). 

Measurement of Power in a 3-Phase Circuit 

The power in 3-phase load can be measured by using the following methods : 

1. Three wattmeter method 2. Two wattmeter method 

3. One wattmeter method 

Tivo wattmeter method, is generally usea to measure 3-phase power. In this method, current 
coil of the two wattmeters . jnnected in any two lines and their potential coils to -he remaining 
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. , line fj le sum of the two wattmeter readings gives the total power in the circuit. If the load is 
balanced, then its power factor can also be calculated from these two readings. The readings of the 
two wattmeters are - 


(i) 


c a) 


Wi = E l 4 cos (30® — <J») 
W 2 = E l 4 cos (30° + <(>) 

V3 (Wt- Wjj) 
tan ♦ “ Wi + 

Wj = E l 4 cos (30° + <|>) 
W 2 = E L I L cos (30° — <(>) 

V3 (Wt - Wa) 
tan (j> = — - 


Lagging power factor 


...(8.15) 


Leading power factor 


...(8 16) 


-V»- 


v 


Wi +W 2 

8.13. CIRCUIT TRANSIENTS 

If a circuit is switched from one condition to another either by a change in the applied voltage 
or change in a circuit parameter, there exists a transitional period during which the branch currents 
and voltage drops change from their former values to new ones. After transition period, the circuit 
becomes steady. 

8.13.1. D.C. Transients 
(i) R-L transients: 

In the R-L circuit shown in Fig. 8.17, 

i=g[l-e-(* /L >*] ...(8.17) 

The plot of i (exponential rise equation) versus time is shown in pig. 8.17. R-L circuit. 

Fig. 8.18. 

The time constant for the above function is the time at which 
the exponent of e is unity. Thus in this case time constant is L/R. 

At one time constant, the value of i will be 

i = (1 - e' 1 ) = 1 - 0.368 = 0.632 
At this time current will be 63.2% of its final value. 

The voltage across inductance, 
r di 

-Ve-(R/W £ ...(8.18) 

and voltage across resistor 

u fi = ^[ 1 -e" (i?/L)i ] ...(8.19) 

The exponential rise of resistor voltage and exponential 
decay of inductor voltage are shown in Fig- 8.19. 

Also, , R .„ L ,V\x-e^)*V,-^ 

= V 



Fig. 8.18 
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Power in the circuit elements is given by 

P R = ^ [ 1 - 2e ~ (R/L)t + e' ] 


R 

V 2 


P L = —[ e< R/L »-e- 2 < R/L » ] 


Total power, 


P = Pr + Pl 


J 

(ii) R-C transients : 

In the R-C circuit shown in Fig. 8.20, 

i- — e - t/RC 

R 

Transients voltages across R and C are given by 
v R = Ve~ t/RC 
v c = V(l-e~ t/RC ) 

Also, the power in circuit elements is given by 
V 2 


...( 8 . 20 ) 

...( 8 . 21 ) 

...( 8 . 22 ) 


...(8.23) 

...(8.24) 





Fig. 8.20. R-C circuit. 


PR = Hf 


- 2 t/RC 


P L = L- (e~ t/RC - e~ 2t/RC 


...(8.25) 

...(8.26) 


(Hi) R-L-C transients: 


For R-L-C circuit shown in Fig. 8.22 the following integro- 
differential equation can be written as follows : 


Rj + L 


di 1_ f 

dt + CJ 



idt = V 


...(8.27) 


dt C- 

While solving for i, the following three cases are considered : 
1 


Case I. 


r_ 

2 L 


LC 


Fig. 8.21 




V J 

In this case the current in given by 

i = C ie M Cj ( e V + C 2 e~ pt ) 


..(8.28) 


Case II. 

Here, 

Caselll. 


R_ 

2 L 


t 


2 L , 

V J 


~ LC 

i = e °* (Cj + C 2 t) 

1 


Fig. 8.22. R-L-C circuit. 

...(8.29) 


LC 
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A C. FUNDAMENTALS, circuits and circuit theory 
Here, z = (C\ cos p£ + C 2 sin p£) 


8.13 

..(8.30) 



tc) Case III 


(b) Case II 

Fig. 8.23 

In all the above cases the current contains the factor e at and since a = -ii/2L the final 
value is zero, assuming that the complimentary function decays in a relatively short time. Fig. 8.23 
shows the value of i for initial values zero and initial slope positive. 

8.13.2. A.C. Transients 

(z) R-L sinusoidal transient: 

Here the voltage function could be at any point in the period at the 
instant of closing the switch and therefore the phase angle <() can take any 
values from 0 to 2 k rad/sec. 

In this case, the current (z) is given by 


i = e~ (R / 'L)t 


■V m 


Vfl 2 + 


2r 2 


CO Z/ 


sin <b - tan 


coL 

R 



-sin ( cof + (j> - tan 1 \ ...(8.31) v = V max sin (to t + ty) 

V + co 2 L 2 \ / Fig. 8.24. R-L circuit. 

It may be noted that : 

— The first part of the above equation contains the factor e~ w hi c h has a value of zero 

in a relatively shoi't time. 

— The second part of the above equation is the steady state current which lags the applied 


voltage by tan 1 


_ 1 coL 

X 


(ii) R-C sinusoidal transient: 

For R-C circuit shown in Fig. 8.25 the basic equation is : 

Ri + ^ f vdt = V max sin (orf + 4>) 

Here the current i is given by, 


...(8.32) 


i=e -^RO 


V m 


V m 


R 


sm 1 




sin (j) + tan' 


-1 


co CR 



V — V m ax sin (int + ty) 
Fig. 8.25. R-C circuit. 






sin I co£ + <t> + tan 1 — 

2 1 coCZc 


...(8.33) 
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It may be noted that: 

— The first part of the above equation is the transient with decay factor e~ t/RC 
— The second part is the steady current which leads the applied voltage by tan" 

8.14. NETWORK TOPOLOGY 
Some Definitions 

1. Graph of network. The diagram that gives the network configuration and uses lines with 
very small circles at the ends to represent a network element is called graph of network. 

2. Tree. Any connected open set of branches which includes all nodes of a given graph is called 

tree. 

3. Theorem of Topology. The basic theorem of topology is given as : 

b = n + l-l ...(8.34) 

where b = number of branches, 
n = number of nodes, and 
l = number of independent loops. 

4. Cut-set. Cut-set is that set of elements that dissociates two main portions of a network 
such that replacing any element will destroy this property. Each cut-set contains one tree-branch, 
the remaining elements being tree links. Tree-branches connect all the nodes in the network. 

8.14. LAPLACE TRANSFORMATION 

Differential equations can be solved either by classical method or by Laplace transform 
method. The classical method is based on time-domain analysis and Laplace transform method is 
based on the frequency-domain analysis. The classical method for solving differential equations 
becomes quite cumbersome when used for network involving higher order differential equations. 
Therefore in such cases Laplace transform is preferred. 

Solution of differential equations by Laplace transformation involves three steps, similar to 
numerical calculations by logarithms. 

1. Taking of the transform which automatically takes into consideration the initial condition. 

2. Rearranging the algebraic equation thus obtained, using algebraic partial fraction (if 
necessaiy) to bring every term into the standard form available in the Laplace transform table. 

3. Finding the desired complete solution. This table helps in finding transforms as well as 
inverse transform. 

The Laplace transformation is denoted by the script letter L. The Laplace transform of any 
function of fit) is given by the expression 

Lif(t)]=F{s)= f fWe*dt ...(8.35) 

J o 


1 

toCR 
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Table 8.1. Laplace Transform Table 


S.No. 

m 

(T)s 

S.No. 

m 

(T) s 

1. 

C, 1 

C 1 

s’ s 

11. 

e~ at cos co£ 

(s + a) 

(s + a) 2 + co 2 

2. 

t 

1 

s 

12. 

t sin co£ 

2cos 

(.S 2 4 0, 2 ) 2 

3. 

c 

An 

13. 

t cos CO t 

s 2 - co 2 

c"- 1 

(s 2 + 0 ) 2 ) 2 

4. 

at -at. 

1 1 

14. 

t sinh t 

2 os 

e , e 

(s - a) 9 (s + a) 

(s 2 + CO 2 ) 2 

5. 

te ai 

1 

15. 

t cosh t 

2 2 
s + or 

(s - a) 2 

(s 2 + (O 2 ) 2 

6. 

sin (x)t 

CO 

16. 

z~* lt sinh Ml 

(0 

(s 2 + ( 0 2 ) 

(s + a) 2 - to 2 

7. 

cos co£ 

s 

17. 

e at cosh 0)1 

(s + a) 

(s 2 + CO 2 ) 

(s + a) 2 - <o 2 

8. 

sinh co£ 

(0 

(s 2 -* 2 ) 

18. 

>> 

sF(s) - f(0 +) 

9. 

cosh co£ 

s 

19. 

/ f(o dt 

/<xs), r 1 (o+) 

(s 2 - CO 2 ) 

s s 

10. 

e"** sin o )t 

CO 

20. 

e: ai e 

An 

(s + a) 2 + a) 2 

(s + af +l 




21. 

m 

1 


where Z^ 1 is the integration of function. 

Inverse Laplace Transformation 

The mathematical process of passing from the complex variable expression to the time 
expression is-called an inverse transformation. The rotation for the inverse transformation is L" 1 , 
so that 

L- 1 [F(s)] =/•(*) ...(8.36) 

Electrical Wave Filters 

Electric networks, which permit unattenuated transmission of electric signals within specified 
frequency ranges and produce attenuation to suppress the signals outside the specified frequency 
'ranges are known as Electric Wave Filters or Filters. 

The filters may be classified as follows : 

1. Low pass filter 

2. High pass filter 

3. Band pass filter 

4. Band elimination filter. 
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OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer: 


8.1. A sine wave has a frequency of 50 Hz. 

Its angular frequency is . radian/ 

second. 

(a) 100 jt ( 6 ) 50 Jt 

(c) 25 jt (d) 5 jt 

8.2. The reactance offered by a capacitor to 

alternating current of frequency 50 Hz 
is 20 Q. If frequency is increased to 100 
Hz, reactance becomes.ohms. 

(a) 2.5 ( 6 ) 5 

(c) 10 (d) 15 

8.3. ' The period of a wave is 

(а) the same as frequency 

( б ) time required to complete one cycle 

(c) expressed in amperes 

(d) none of the above 

8.4. The form factor is the ratio of 

(a) peak value to r.m.s. value 

(b) r.m.s. value to average value 

(c) average value to r.m.s. value 

(d) none of the above 

8.5. The period of a sine wave is seconds. 


8 . 6 . 


8.7. 


8 . 8 . 


Its frequency is 

(a) 20 Hz ( b ) 30 Hz 

(c) 40 Hz (d) 50 Hz 

An AC. current is given by i =200 sin 

100 jt t. It will achieve a value of 100 A 

after.second. 


(a) 


(c) 


1 

900 

1 

700 


( 6 ) 

id) 


1 

800 

1 

600 


A heater is rated as 230 V, 10 kW, A.C. 
The value 230 V refers to 

(a) average voltage 

( b ) r.m.s. voltage (c) peak voltage 
(d) none of the alpove 

If two sinusoids of the same frequency 
but of different amplitudes and phase 
angles are subtracted, the resultant is 

(а) a sinusoid of the same frequency 

(б) a sinusoid of half the original fre¬ 
quency 


(e) a sinusoid of double the frequency 
(d) not a sinusoid 

8.9. The peak value of a sine wave is 200 V. 
Its average value is 
(a) 127.4 V ( b) 141.4 V 

(c) 282.8 V (d) 200 V 

8.10. If two sine waves of the same frequency 
have a phase difference of jt radians, 
then 

(a) both will reach their minimum 
values at the same instant 

(b) both will reach their maximum 
values at the same instant 

(c) when one wave reaches its maxi¬ 
mum value, the other will reach its 
minimum value 

(d) none of the above 

8.11. The r.m.s. value of a sine wave is 100 
A. Its peak value is 

(a) 70.7 A ( b ) 141.4 A 

(c) 150 A {d) 282.8 A 

8.12. If two waves are expressed as 

e\ - E mi sin (co t + a^) 

and e% = s ^ n + a 2 )> then 

(а) e\ is leading e2 by L (012 — ai) 

( б ) <?2 is leading e\ by L (ot 2 — oci) 

(c) e 2 is leading ei by L (ai — 012 ) 

(d) ei is in phase with £2 

8.13. The voltage of domestic supply is 220 
V. This figure represents 

(a) mean value (5) r.m.s. value 
(c) peak value ( d ) average value 

8.14. Two waves of the same frequency have 
opposite phase when the phase angle 
between them is 

(a) 360° ( 6 ) 180° 

(c) 90° (d) 0° 

8.15. The power consumed in a circuit ele¬ 
ment will be least when the phase dif¬ 
ference between the current and 
voltage is 

(a) 180° (b) 90° 

(c) 60° (d) 0 ° 
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8.16. The r.m.s. value and mean value is the 
same in the case of 

(а) triangular wave 

( б ) sine wave (c) square wave 
(i d) half wave rectified sine wave 

8.17. For the same peak value which of the 
following wave will have the highest 
r.m.s. value ? 

(a) square wave 

(i b ) half wave rectified sine wave 

(c) triangular wave 

(d) sine wave 

8.18. For the same peak value, which of the 
following wave has the least mean 
value ? 

(a) half wave rectified sine wave 

( b ) triangular wave 

(c) sine wave ( d ) square wave 

8.19. For a sine wave with peak value Imax 
the r.m.s. value is 

(a) 0.5 Imax (b) 0.707 Imax 

(c) 0.9 Imax (d) 1.414 Imax 

8.20. Form Factor is the ratio of 

(а) average value/r.m.s. value 

( б ) average value/peak value 

(c) r.m.s. value/average value 

(d) r.m.s. value/peak value 

8.21. Form factor for a sine wave is 

(a) 1.414 ( 6 ) 0.707 

(c) 1.11 {d) 0.637 

8.22. For a sine wave with peak value Emax 
the average value is 

(a) 0.636 (b) 0.707 Emax 

{c)0AME m ax {d) l AU Emax 

8.23. The current in a circuit is given by : 

i = 100 sin 314 t amperes 
The maximum value and frequency of 
current are 

(а) 50V2A, 100 Hz 

( б ) 100 V 2 A, 100 Hz 
(c) 100 A, 50 Hz 

{d) 70.7A, 50 Hz 

8.24. For a frequency of 200 Hz, the time 
period will be 

(a) 0.05 s (b) 0.005 s 

(c) 0.0005 s (d) 0.5 s 

8.25. The phase difference between voltage 
and current wave through a circuit ele- 
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ment is given as 30°. The essential con¬ 
dition is that 

(а) both waves must have same fre¬ 
quency 

(б) both waves must have identical 
peak values 

(c) both waves must have zero value at 
the same time 

(d) none of the above 

8.26. An A.C. voltage of 50 Hz has a maxi¬ 
mum value of 50 V. Its value after 1/600 
second after the instant the current is 
zero, will be 

(a) 5 V (6) 12.5 V 

(c) 25 V (d) 43.3 V 

8.27. When two waves are in phase they have 
peak values at an interval of 

(a) 180° (b) 120° 

(c) 90° 

(d) none of the above 

8.28. For 200 V r.m.s. value triangular wave, 
the peak voltage will be 

(a) 200 V (b) 222 V 

(c) 282 V (d) 346 V 

8.29. A sine wave of voltage varies from zero 
to maximum of 200 V. How much is the 
voltage at the instant of 30° of the 
cycle ? 

(a) 50 V (6) 82.8 V 

(c) 100 V id) 173.2 V 

8.30. How much r.m.s. current does a 300 W. 
200 V bulb take from the 200 V, 50 Hz 
power line ? 

(a) 0.5 A (6) 1.5 A 

(c) 2 A (d) 3 A 

8.31. Two sinusoidal currents are given by 

11 = 100 sin (cd£ + nl 3), and 

12 = 150 sin (cd£ - n/4) 

The phase difference between them is 
.degrees. 

(a) 15 ( b ) 50 

(c) 60 (d) 105 

8.32. The r.m.s. value of a half-wave rectified 
current is 100 A. Its value for full-wave 

rectification would be.amperes. 

(a) 141.4 ( 6)200 

(c) 200 /ji id) 40/jt 
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8.33. From the two voltages equations 
ei = Emax sin lOOjrt, and 

62 = Efn ax sin (1,00 Jit + jt/ 6 ), it is ohvious 
that 

(а) 1 leads 2 by 30° 

( б ) 2 lags behind 1 

(e) 2 achieves its maximum value ~~r 

600 

second before 1 does 

(d) 1 achieves its zero value second 

oUU 

before 2 

8.34. The r.m.s. value of a sinusoidal A.C. 

current is equal to its value at an angle 
of.degrees. 

(a) 90 ( b ) 60 

(c) 45 (d) 30 

8.35. Capacitive reactance is more when 

(а) capacitance is less and frequency of 
supply is less 

( б ) capacitance is less and frequency of 
supply is more 

(c) capacitance is more and frequency 
of supply is less 

( d ) capacitance is more and frequency 
of supply is more 

8.36. Time constant of a capacitive circuit 
increases with the 

(а) increase of capacitance and 
decrease of resistance 

( б ) increase of capacitance and in¬ 
crease of resistance 

(c) decrease of capacitance and 
decrease of resistance 
<d) decrease of capacitance and in¬ 
crease of resistance 

3*3#. Itj a series circuit on resonance, follow¬ 
ing Will occur 

(a)HUV* ( b)X L =Xc 

(c)Z = R (d) V L = Vc 

(e) all above 

8.38. In a series resonant circuit, the im¬ 
pedance of the circuit is 

(a) minimum (b) maximum 

(c) zero 

(d) none of the above 

8.39. Power factor of an electrical circuit is 
equal to 
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(a) R/Z 

(b) cosine of phase angle difference be¬ 
tween current and voltage 

(c) kW/kVA 

(d) ratio of useful current to total cur¬ 
rent Iw/I 

( e ) all above 

8.40. The best place to install a capacitor is 

(а) very near to inductive load 

( б ) across the terminals of the induc¬ 
tive load 

(c) far away from the inductive load 
{d) any where 

8.41. Poor power factor 

(a) reduces load handling capability of 
electrical system 

( 5 ) results in more power losses in the 
electrical system 

(c) overloads alternators, transformers 
and distribution lines 
((f) results in more voltage drop in the 
line 

(e) results in all above 

8.42. Capacitors for power factor correction 
are rated in 

(a) kW (6) kVA 

(c) kV (d) kVAR 

8.43. In series resonant circuit, increasing 
inductance to its twice value and reduc¬ 
ing capacitance to its half value 

(a) will change the maximum value of 
current at resonance 

( 6 ) will change the resonance frequen¬ 
cy 

(c) will change the impedance at 
resonance frequency 

(d) will increase the selectivity of the 
circuit 

8.44. Pure inductive circuit 

(а) consumes some power on average 

( б ) does not take power at all from a 
line 

(c) takes power from the line during 
some part of the cycle and then 
returns back to it during other part 
of the cycle 

(d) none of the above 
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8.45. Inductance affects the direct current 
flow 

(a) only at the time of turning off 

(b) only at the time of turning on 

(i c ) at the time of turning on and off 
(d) at all the time of operation 

8.46. Inductance of a coil varies 

(а) directly as the cross-sectional area 
of magnetic core 

( б ) directly as square of number of 
turns 

(c) directly as the permeability of the 
core 

( d) inversely as the length of the iron 
path 

(e) as (a) to {d) 

8.47. All the rules and laws of D.C. circuit 
also apply to A.C. circuit containing 

(а) capacitance only 

( б ) inductance only 

(c) resistance only 

(d) all above 

8.48. Time constant of an inductive circuit 

(а) increases with increase of induc¬ 
tance and decrease of resistance 

( б ) increases with the increase of in¬ 
ductance and the increase of resis¬ 
tance 

(c) increases with decrease of induc¬ 
tance and decrease of resistance 

(d) increases with decrease of induc¬ 
tance and increase of resistance 

8.49. Power factor of an inductive circuit is 
usually improved by connecting 
capacitor to it in 

(a) parallel ( 6 ) series 

(c) either (a) or ( 6 ) 

(d) none of the above 

8.50. In a highly capacitive circuit the 

(а) apparent power is equal to the ac¬ 
tual power 

( б ) reactive power is more than the ap¬ 
parent power 

(c) reactive power is more than the ac¬ 
tual power 

(d) actual power is more than its reac¬ 
tive power 
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8*51. Power factor of the following circuit will 
be zero 

(a) resistance ( b ) inductance 

(c) capacitance (d) both (6) and (c) 

8.52. Power factor of the following circuit will 
be unity 

(a) inductance (6) capacitance 

(c) resistance (d) both (a) and (6) 

8.53. Power factor of the system is kept high 

(a) to reduce line losses 

(b) to maximise the utilization of the 
capacities of generators, lines and 
transformers 

(c) to reduce voltage regulation of the 
line 

(d) due to all above reasons 

8.54. The time constant of the capacitance 
circuit is defined as the fime during 
which voltage 

(a) falls to 36.8% of its final steady 
value 

(b) rises to 38.6% of its final steady 
value 

(c) rises to 63.2% of its final steady 
value 

( d ) none of the above 

8.55. In the R-L-C containing R - 4.5 Q, 
L = 0.06 H, C = 0.6 \iF the power factor 
will be 

(a) zero ( b ) lagging 

(c) leading (d) unity 

8.56. In a loss-free R-L-C circuit the tran¬ 
sient current is 

(a) oscillating (d) square wave 

(c) sinusoidal (d) non-oscillating 

8.57. The r.m.s. value of alternating current 
is given by steady (D.C.) current which 
when flowing through a given circuit 
for a given time produces 

(а) the more heat than produced by 
A.C. when flowing through the 
same circuit 

(б) the same heat as produced by A.C. 
when flowing through the same cir¬ 
cuit 

(c) the less heat than produced by A.C. 
flowing through the same circuit 

(d) none of the above 
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8.58. The square waveform of current has 
following relation between r.m.s. value 
and average value. 

(a) r.m.s. value is equal to average 
value 

(b) r.m.s. value of current is greater 
than average value 

(c) r.m.s. value of current is less than 
average value 

(< d ) none of the above 

8.59. The double energy transient occur in 
the 

(a) purely inductive circuit 

(b) R-L circuit 

(c) R-C circuit ( d) R-L-C circuit 

8.60. The transient currents are associated 
with the 

(а) changes in the stored energy in the 
inductors and capacitors 

( б ) impedance of the circuit 

(c) applied voltage to the circuit 

( d ) resistance of the circuit 

8.61. The power factor at resonance in R-L-C 
parallel circuit is 

(a) zero ( 6 ) 0.08 lagging 

(c) 0.8 leading ( d ) unity 

8.62. In the case of an unsymmetrical alter¬ 
nating current the average value must 
always be taken over 

(a) unsymmetrical part of the wave 
form 

(b) the quarter cycle 

(c) the half cycle 
{d) the whole cycle 

8.63. In a pure resistive circuit 

(a) current lags behind the voltage by 
90° 

(i b ) current leads the voltage by 90° 

(c) current can lead or lag the voltage 
by 90° 

(d) current is in phase with the voltage 

8.64. In a pure inductive circuit 

(a) the current is in phase with the 
voltage 

( b ) the current lags behind the voltage 
by 90° 

(c) the current leads the voltage by 90° 

(d) the current can lead or lag by 90° 
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8.65. In a circuit containing R, L and C, 
power loss can take place in 

(a) C only ( b ) L only 

(c) R only (d) all above 

8.66. Inductance of coil 

(а) is unaffected by the supply fre¬ 
quency 

( б ) decreases with the increase in 
supply frequency 

(c) increases with the increase in 
supply frequency 

(d) becomes zero with the increase in 
supply frequency 

8.67. In any A.C. circuit always 

(a) apparent power is more than actual 
power 

(b) reactive power is more than ap¬ 
parent power 

(c) actual power is more than reactive 
power 

( d ) reactive power is more than actual 
power 

8 . 68 . Which of the following circuit com¬ 
ponent opposes the change in the cir¬ 
cuit voltage ? 

(a) Inductance ( 6 ) Capacitance 

(c) Conductance (d) Resistance 

8.69. In a purely inductive circuit 

(а) actual power is zero 

( б ) reactive power is zero 

(c) apparent power is zero 

(d) none of above is zero 

8.70. Power factor of electric bulb is 

(a) zero ( 6 ) lagging 

(c) leading (d) unity 

8.71. Pure inductive circuit takes power from 
the A.C. line when 

(а) applied voltage decreases but cur¬ 
rent increases 

( б ) applied voltage increases but cur¬ 
rent decreases 

(c) both applied voltage and current 
increase 

(d) both applied voltage and current 
decrease 

8.72. Time constant of a circuit is the time in 
seconds taken after the application of 
voltage' each 
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(a) 25% of maximum value 

(b) 50% of maximum value 

(c) 63% of maximum value 

(d) 90% of the maximum value 

g 73. Time constant of an inductive circuit 

(а) increases with increase of induc¬ 
tance and decrease of resistance 

(б) increases with the increase of in¬ 
ductance and the increase of resis¬ 
tance 

(c) increases with the decrease of in¬ 
ductance and decrease of resistance 

(d) increases with decrease of induc¬ 
tance and increase of resistance 

8.74* Time constant of a capacitive circuit 

(a) increases with the decrease of 
capacitance and decrease of resis¬ 
tance 

(b) increases with the decrease of 
capacitance and increase of resis¬ 
tance 

(c) increases with the increase of 
capacitance and decrease of resis¬ 
tance 

( d ) increase with increase of 
capacitance and increase of resis¬ 
tance 

8.75. Magnitude of current at resonance in 
R-L-C circuit 

(a) depends upon the magnitude of R 
(i b ) depends upon the magnitude of L 

(c) depends upon the magnitude of C 

(d) depends upon the magnitude of R, 

L and C 

8.76. Power factor of magnetising com¬ 

ponent of current of a transformer is 
{a) 0.8 lag (b) 0.8 lead 

(c) zero {d) unity 

8.77. In a fi-L-C circuit 

(a) power is consumed in resistance 
and is equal to I 2 R 

(b) exchange of power takes place be¬ 
tween inductor and supply line 

(c) exchange of power takes place be¬ 
tween capacitor and supply line 

(d) exchange of power does not take 
place between resistance and the 
supply line 
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(e) all above are correct 

8.78. Physical quantities of resistance, in¬ 
ductance and capacitance are repre¬ 
sented by R, L and C respectively. The 
combinations which have dimensions 
of frequency are 

(a) C/L ( b ) R/L 

(c) 1 IRC (d) 1A/LC 

8.79. In R-L-C series resonant circuit mag¬ 
nitude of resonance frequency can be 
changed by changing the value of 

(a) R only (6) L only 

(c) C only ( d ) L or C 

(e) R, Lor C 

8.80. In a series L-C circuit at the resonant 
frequency the 

(а) current is maximum 

(б) current is minimum 

(c) impedance is maximum 

(d) voltage across C is minimum 

8.81. In a R-L-C series circuit if voltage V 
across the circuit is reduced to half the 
current I will change to 

(a) 21 (b) I 12 

(e) 3/4 1 {d) 5/8 7 

8.82. The time constant of a series R-C cir¬ 
cuit is given by 

(a) R/C (b) RC 2 

(c) RC (d) R 2 C 

8.83. If resistance is 20 Q and inductance is 
2 H in a R-L series circuit, then time 
constant of this circuit will be 

(a) 0.001s (6) 0.1s 

(c) 10 s {d) 100 s 

8.84. Which of the following coil will have 
large resonant frequency ? 

(а) A coil with large resistance 

(б) A coil with low resistance 

(c) A coil with large distributed 
capacitance 

(d) A coil with low distributed 
capacitance 

8.85. If a sinusoidal wave has frequency of 50 
Hz with 30 A r.m.s. current which of the 
following equation represents this 
wave ? 

(a) 42.42 sin 314 1 (6) 60 sin 25 t 
(c) 30 sin 50 1 {d) 84.84 sin 25 t 
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8.86. The safest value of current the human 
body can carry for more than 3 second 
is 

(a) 4 mA (6) 9 mA 

(c) 15 mA (d) 25 mA 

8.87. A pure inductance connected across 
250 V, 50 Hz supply consumes 100 W. 
This consumption can be attributed to 

(a) the big size of the inductor 

( b ) the reactance of the inductor 

(c) the current flowing in the inductor 

( d) the statement given is false 

8.88. The input of an A.C. circuit having 
power factor of 0.8 lagging is 40 kVA 
The power drawn by the circuit is 

(a) 12 kW ( b) 22 kW 

(c) 32 kW (d) 64 kW 

8.89. The effective resistance of an iron-cored 
choke working on ordinary supply fre¬ 
quency is more than its true resistance 
because of 

(а) iron loss in core 

(б) skin effect 

(c) increase in temperature 

(d) capacitive effect between adjacent 
coil turns 

8.90. In an A.C. circuit, a low value of kVAR 
compared with kW indicates 

(a) low efficiency 

(b) high power factor 

(c) unity power factor 

(d) maximum load current 

8.91. In AC. circuits, laminated iron is in¬ 
variably used in order to 

(a) reduce eddy current loss 

(b) increase heat radiation 

(c) make assembly cheap and easier 

(d) reduce circuit permeability 

8.92. The ratio of active power to apparent 

power is known as.factor. 

(a) demand (6) load 

(c) power (d) form 

8.93. All definitions of power factor of a series 
R-LrC circuit are correct except 

(a) ratio of net reactance and im¬ 
pedance 

(b) ratio of kW and kVA 

(c) ratio of R and Z 

(d) ratio of W and VA 
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8.94. The apparent power drawn by an A.C. 

circuit is 10 kVA and active power is 8 
kW. The reactive power in the circuit is 
(a) 4 kVAR (6) 6 kVAR 

(c) 8 kVAR (d) 16 kVAR 

8.95. The reactance offered by a capacitor to 
alternating current of frequency 50 Hz is 
20 Q. If the frequency is increased to 
100 Hz, reactance becomes 

(a) 5 Q (6) 10 Q 

(c) 15 Q (d) 30 Q, 

8.96. What will be the phase angle between 

two alternating waves of equal fre¬ 
quency, when one wave attains maxi¬ 
mum value the other is at zero value ? 
(a) 0° (6) 45° 

(c) 90° (d) 180° 

8.97. The purpose of a parallel circuit 
resonance is to magnify 

(a) current (6) voltage 

(c) power (d) frequency 

8.98. In an A.C. circuit power is dissipated in 
(a) resistance only (6) inductance only 
(a) capacitance only 

(d) none of the above 

8.99. In a parallel R-C circuit, the current 


always.the applied voltage 

(a) lags ( b ) leads 


(c) remains in phase with 

(d) none of the above 

8.100. At very low frequencies a series R-C 

circuit behaves as almost purely. 

(a) resistive (6) inductive 

(c) capacitive 

(d) none of the above 

8.101. Skin effect occurs when a conductor 

carries current at.frequencies. 

(a) very low (b) low 

(c) medium (d) high 

8.102. At.frequencies the parallel R-L cir¬ 

cuit behaves as purely resistive. 

(a) low (b) very low 

(c) high (d) very high 

8.103. In a sine wave the slope is constant 

(а) between 0° and 90° 

(б) between 90° and 180° 

(c) between 180° and 270° 

(d) no where 
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8.104. The power is' measured in terms of 

decibles in case of 

(a) electronic equipment 

(b) transformers 

(c) currenTtfansformers 

(d) auto-transformers 

8.105. Capacitive susceptance is a measure of 

(a) reactive power in a circuit 

( b ) the extent of neutralisation of reac¬ 
tive power in a circuit 

(c) a purely capacitive circuit’s ability 
to pass current 

( d ) a purely capacitive circuit’s ability 
to resist the flow of current 

8.106. Which of the folio wing statements per¬ 
tains to resistors only ? 

(а) can dissipate considerable amount 
of power 

(б) can act as energy storage devices 

(c) connecting them in parallel in¬ 
creases the total value 

(d) oppose sudden changes in voltage 

8.107. Which of the following refers to a paral¬ 
lel circuit ? 

(а) The current through each element 
is same 

(б) The voltage across element is in 
proportion to its resistance value 

(c) The equivalent resistance is greater 
than any one of the resistors 

(d) The current through any one ele¬ 
ment is less than the source current 

8.108. A phasor is 

(а) a line which represents the mag¬ 
nitude and phase of an alternating 
quantity 

(б) a line representing the magnitude 
and direction of an alternating 
quantity 

(c) a coloured tag or band for distinc¬ 
tion between different phases of a 
3-phase suppily 

(d) an instrument used for measuring 
phases of an unbalanced 3-phase 
load 
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8.109. A parallel AC. circuit in resonance will 

(а) have a high voltage developed 
across each inductive and capaci¬ 
tive section 

(б) have a high impedance 

(c) act like a resistor of low value 

( d ) have current in each section equal 
to the line current i 

8.110. Wire-wound resistors are unsuitable 
for use at high frequencies because 
they 

(а) create more electrical noise 

(б) are likely to melt under excessive 
eddy current heat 

(c) consume more power 
(cO exhibit unwanted inductive and 
capacitive effects 

8.111. The inductance of a coil can be in¬ 
creased by 

(a) increasing core length 

(b) decreasing the number of turns 

(c) decreasing the diameter of the 
former 

(d) choosing core material having high 
relative permeability 

8.112. The power taken by a 3-<j) load is given 
by the expression 

(a) V3 Vi II sin <\> ( b ) V3 Vl II cos <j) 

(c) 3 Vl II sin (J) (d) 3 Vl II cos (j) 

8.113. The least number of 1-cj) wattmeters 
required to measure total power con¬ 
sumed by an unbalanced load fed from 
a 3-t(), 4-wire system is 

(a) 1 ( b ) 2 

(c) 3 (d) 4* 

8.114. In a three-phase supply floating neutral 
is undesirable because it way give rise 
to 

(а) high voltage across the load 

(б) low voltage across the load 

(c) unequal line voltages across the 
load 

8.115. On a 3-(j) balanced delta-connected load 
supplied at 240 V AC., the wattmeter 
readings are — 1710 and 3210. What is 
the current ? 

(a) 10.86 A (b) 15.86 A 

(c) 20.86 A (d) 30.86 A 
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8; 116. Two wattmeters connected to measure 
the power input to a balanced 3-(|> cir¬ 
cuit indicate 2500 W and 500 W respec¬ 
tively. What is the power factor ? 

(a) 0.355 ( b) 0.455 

(c) 0.555 (d) 0.655 

8.117. A series R-L- C circuit has 

R = 80 £2, L = 100 |i H and C = 300 p F, 
V = 20 V 

The current at resonance will be 
(a) 0.125 A ( b ) 1.25 A 

(c) 0.25 A (d) 5 A 

8.118. For the full wave rectified sine wave the 
r.m.s. value is 

(a) 0.707 l max (b) 0.636 I max 

(c) 0.318 1 m ax (d) zero 

8.119. Which of the following waves has the 
highest value of peak factor ? 

(a) Square wave (6) Sine wave 
(c) Half wave rectified sine wave 
{d) Triangular wave 

8.120. The frequency of domestic power supp¬ 
ly in India is 

(a) 200 Hz (6) 100 Hz 

(c) 60 Hz (d) 50 Hz 

8.121. The r.m.s. value of half wave rectified 
sine wave is 200 V. The r.m.s. value of 
full wave rectified A.C. will be 

(a) 282.8 V (6) 141.4 V 

(c)lllV (d) 100 V 

8.122. The voltage in a circuit follows the law 

v = 100 sin (at 

If the frequency is 25 Hz, how long will 
it take for the voltage to rise to 50 
volts ? 

(b) ■ 


(a) ^ s 


100 
(d) 65o s 


(c) 300 s 

8.123. The negative maximum of a cosine 
wave occurs at 

(a) 30° (6)45° 

(c) 90° (d) 180° 

8.124. In a series R-L circuit the instan¬ 
taneous voltage is given by 

v T = Vi? 2 + (wL) 2 I m sin | co£ + tan’ 1 j 


The above equation indicates that 
(a) the current lags the voltage by an 

angle tan -1 


(b) the current leads the voltage by an 
angle tan -1 

(c) the current lags the voltage by 60° 

. (d) the current leads the voltage by 60° 

8.125. The r.m.s. value of pure cosine function 
is 

(а) 0.5 of peak value 

(б) 0.707 of peak value 

(c) same as peak value 

(d) zero 

8.126. Ohm is unit of all of the following except 

(а) inductive reactance 

(б) capacitive reactance 

(c) resistance (d) capacitance 

8.127. If A = 8 Z.30° andE = 2 Z115 0 the value 
of A/E will be 

(a) 4 Z.15 0 (b) 6 zL30° 

(c) 8 L15° 

(d.) none of the above 

8.128. The series and parallel resonance on 
L-C circuit differs in that 

(а) series resistance needs a low-resis¬ 
tance source for sharp rise in cur¬ 
rent 

(б) series resonance needs a high-resis¬ 
tance source for sharp increase in 
current 

(c) parallel resonance needs a low- 
resistance source for a sharp in¬ 
crease in impedance 
*( d ) parallel resonance needs a low- 
resistance source for a sharp rise in 
line current 

8.129. Which of the following expression is 
true for apparent power in an A.C. cir¬ 
cuit ? 

(a) V7 cos <j> (6) Vav. X lav. 

(c) Vr.m.s. X Ir.m.s . (d) Vpeak X Ipeak 

8.130. The quality factor of R-L-C circuit will 
increase if 

(a) R increases (b) R decreases 

(c) impedance increases 

( d) voltage increases 
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8 131. The phasdrs for which of the following 
pair are 1&0° out of phase for Vu Vc and 

v R ? * / 

(a) Vc anS4^_ (b) Vh and Vr 

(, c ) Vc and Vi 

(d) none of the above 

8.132. If impedance Z\ = 30 L 30° andZ2 = 15 
L 15°, what will be the value of Zi x Z 2 ? 
(a) 450 Z.45 0 (6) 300 L- 15° 

(c) 150 Z45° {d) 50 Z- 15° 

g.133. In the question 8.132, what will be the 
value ofZi/Z 2 ? 

(a) 2 Z15° (6) 2 Z5° 

(c) 45 Zl5° 

(< d ) none of the above 

8.134* Which of the following values of an 
alternating current is indicated by a 
normal universal measuring instru¬ 
ment ? 

(ct) lav. (5) Ir.m.s. 

(c) lav. /2 (of) I max 

8.135 An alternating voltage is given in volts 
by expression V = 326 sin 314 t. Its 
r.m.s. value and frequency are 
(a) 230 V, 50 Hz (6) 230 V, 100 Hz 

(c) 326 V, 50 Hz (d) 326 V, 100 Hz 

8.136. According to which of the alternating 
current values in the cross-sectional 
area of a conductor with regard to the 
heating effect is selected ? 

(a) peak value (b) half peak value 
(c) average value (d) r.m.s. value 

8.137. The Fig. 8.26 shows the current and 
voltage wave forms of a circuit element. 
The circuit element used is 



(c) a coil with low inductance 
{d) none of the above 

8.138. The frequency of an alternating cur¬ 
rent is 


8.25 

(а) the speed with which the alternator 
runs 

(б) the number of cycles generated in 
one minute 

(c) the number of waves passing 
through a point in one second 

(d) the number of electrons passing 
through a point in one second 

8.139. In an A.C. circuit, the voltage and cur¬ 
rent are represented by 

V = Vmax sin 0, and 
I = Imax sin (0 + a) 

The power factor of is 

(a) cos a leading (6) cos a lagging 

(c) cos (0 + a) 

(d) none of the above 

8.140. A pure capacitor connected across an 
A.C. voltage consumed 50 W. This is 
due to 

(а) the capacitive reactance in ohms 

(б) the current flowing in capacitor 

(c) the size of the capacitor being quite 
big 

(d) the statement is incorrect 

8.141. The power factor of a D.C. circuit is 
always 

. (a) less than unity (6) unity 

(c) greater than unity 

(d) zero 

8.142. The product of apparent power and 
cosine of the phase angle between cir¬ 
cuit voltage and current is 

(a) true power ( b ) reactive power 

(c) volt-amperes 

(d) instantaneous power 

8.143. The equation of 50 Hz current sine 

wave having r.in.s. value of 60 A is 
(a) 60 sin 25 1 (6) 60 sin 50 t 

(c) 84.84 sin 314 1 (d) 42.42 sin 314 1 

8.144. The unit of frequency of an A.C. signal 
is 

(a) cycle (6) cycle-sec 

(c) hertz/sec (d) hertz 

8.145. Which of the following values of alter- 
' nating voltage should an insulation ab¬ 
solutely withstand ? 

(a) The average value ' 

(b) The r.m.s. value 
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(c) The peak value 

{d) Half the effective value 

8.146. An A.C. voltage is impressed across a 
pure resistance of 3.5 ohms in parallel 
with a pure inductance of impedance of 
3.5 ohms, 

(а) the current through the resistance 
is more 

(б) the current through the resistance 
is less 

(c) both resistance and inductance 
carry equal currents 

(d) none of the above 

8.147. In a pure inductive circuit if the supply 
frequency is reduced to 1/2, the current 
will 

(а) be reduced by half 

(б) be doubled 

(c) be four times as high 

(d) be reduced to one fourth 

8.148. In a pure capacitive circuit if the supply 
frequency is reduced to 1/2, the current 
will 

(a) be reduced by half 

(b) be doubled 

(c) he four times at high 

(d) be reduced to one fourth 

8.149. The relation between the apparent 
power, actual power and reactive 
power is given by 

(а) Apparent power 

= actual power + reactive power 

(б) Apparent power 

= actual power — reactive power 
(c) Apparent power 


= V (actual power ) 2 - (reactive power ) 2 


(d) Apparent power 
= V(actual power ) 2 + (reactive power ) 2 


8.150. When an alternating current passes 
through an ohmic resistance the 
electrical power converted into heat is 

(а) apparent power 

(б) true power 

(c) reactive power 

(d) none of the above . 


8.151. In each of the three coils bt a three 
phase generator, an alternating volt¬ 
age having an r.m.s. value of 220 V is 
induced. Which of the following values 
is indicated by the voltmeters ? 

(a) 220 V (6) 220 VS V 

(c) 220/V3 V 

(d) none of the above 

8.152. Which of the following equations is 
valid for a balanced load on a starts 
circuit with a neutral conductor in a 
four wire star circuit ? 

(o)In-1r +Iy + Ib = 0 

( b) In = Ir-Iy + Ib 

(c) In = Ir + Iy-Ib 

id) In = (Vr + Vy + Vb)/R 

8.153. The true power drawn by a balanced 
three-phase consumer for line voltage 
V and line current 7 is given hy 

(a) VI cos 4> (6) V3 VI cos <|> 

(c) 3VI cos 4> (d)V3VI 

8.154. An electric iron designed for 110 V A.C. 
supply was rated at 500 W. It was put 
across a 220 V supply. Assuming that 
at 110 V it supplied 500 W output, (i.e., 
no losses) at the new voltage it will 
supply 

(a) 2500 W (b) 2000 W 

(c) 500 W (d) 250 W 

8.155. From the Fig. 8.27 it can be concluded 
that 



Fig. 8.27 

(a) v leads i by n/2 ( b ) v lags i by jt/2 

(c) v leads i by jc (d) v lags i by n 

8.156. A coil is connected across a 200 V, 50 
Hz supply and takes a current of 10 A 
The loss in the coil is 1000 W. The 
impedance and resistance of the coil 
are 

(a) 10 Q, 8 Q (6) 15 Q, 8 Q 

(c) 20 Q, 10 Q id) 30 Q, 15 £2 


J 
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8.157* In an A.C. circuit (sine wave) with R 
and L in series 

(а) voltage across R and L are 180° out 
of phase 

(б) the voltage across R lags the voltage 
across L by 90° 

( c) the voltage across R leads the volt¬ 
age across L by 90° 

( d ) voltage across R and L are in phase 
8.158. While drawing vector diagram for a 

series circuit, the reference vector is 
(a) voltage (6) current 

(c) power (d) phase angle 

J. 159. For a purely resistive circuit the follow¬ 
ing statement is in correct 

(а) Work done is zero 

(б) Power consumed is zero 

(c) Heat produced is zero 

(d) Power factor is unity 

8.160. What inductance will give the same 
reactance as a capacitor of 2 \i F when 
both are at 50 Hz ? 

(a) 5 H } (6) 10 H 

(c) 15 H {d) 20 H 

8.161. In an A.C. circuit I sin <j> is called 

(a) active component 

( b ) wattless component 

(c) any of the above 

(d) none of the above 

8.162. In a R-L-C circuit the impedance is 
given by 

(a) Z = R + Xl —Xc 

(b) Z - R -X L +X C 

(c) Z = ^/(R+XL) 2 +X(? 

(d) Z = V (R 2 + (X L - Xc) 2 

8.163. An alternating voltage V = 160 + j 120 
V is applied to a circuit and the sub¬ 
sequent current flowing/ = — 6 +y 15 A. 
The impedance of the circuit is 

(a) 12 -j 3.2 (6) 3.2 -j 12 

(c) 6.4 —j 24 

( d ) none of the above 

8.164. The impedance 3.2 —j 12 in polar form 
is given as 

(a) 6.4 Z— 75° (6) 8.4 Z- 75° 

(c) 10.4 Z- 75° (d) 12.4 Z- 75° 


8.27 

8.165. A coil of 20 ohms resistance and 0.16 H 
inductance is connected in parallel with 
a 100 \i F condenser to a constant volt¬ 
age variable frequency supply. The fre¬ 
quency (neglecting the resistance) at 
which the current in the main is a min¬ 
imum is given by 

(a) 20 Hz (6) 30 Hz 

(c) 40 Hz (d) 50 Hz 

8.166. A balanced star connected load is sup¬ 
plied from a symmetrical three phase 
440 V system. It draws current of 40 A 
at 0.866 power factor lagging. The total 
power taken by the load will be 

(a) 13.2 kW (b) 26.4 kW 

(c) 30.4 kW (d) 40.4 kW 

8.167. A 100 kW three phase delta connected 
motor works on a supply of three phase 
3.3 kV. The motor efficiency is 92% and 
the power factor is 90%. The line cur¬ 
rent drawn by the motor will be 

(a) 10 A ( b ) 15 A 

(c) 18 A {d) 21 A 

8.168. In A.C. circuit the power curve is a sine 
wave having 

(а) double the frequency of voltage 

(б) same frequency as that of voltage 

(c) half the frequency of the voltage 

(d) three times the frequency of the 
voltage 

8.169. In a highly capacitive circuit 

(а) actual power is greater than reac¬ 
tive power 

(б) reactive power is greater than ac¬ 
tual power 

(c) apparent power equals actual 
power 

(d) actual power equals reactive power 

8.170. The resonant frequency for a parallel 


circuit is given by 


(a) 

<6, i^ 


«»^vT 


Downloaded From : www.EasyEngineering.net 




Downloaded From : www.EasyEngineering.net 


8.28 

8.171. 

8.172. 

8.173. 

8.174. 

8.175. 


8.176. 

8.177. 

8.178. 

8.179. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


In a series resonant circuit, the im- 

pedance of the circuit is 

(a) maximum (6) minimum 

(c) zero (d) infinite 

In a series resonant circuit the voltage 

across the circuit is the same as the 

voltage across 

(a) inductance (6) capacitance 

(c) resistance 

( d ) none of the above 

The value of operator j 2 is equal to 
(a) zero ( b ) + 1 

(c) -1 (d) V=T 

A series R-L-C circuit draws current at 
leading power factor at 
(a) more than resonant frequency 
{b) less than resonant frequency 
(c) resonant frequency 
{d) none of the above 
For a L-C parallel circuit at resonance, 
all the statements given below are cor¬ 
rect except 

(a) the line current is maximum at 
resonance 

(b) the branch currents at resonance 
are equal 

(c) the angle between the branch cur¬ 
rents is 180° at resonance 

(d) the admittance is minimum at 
resonance 

In a series R-L-C circuit, the voltage 
across inductance will be maximum 

(a) at resonance frequency 

(b) just before resonant frequency 

(c) just after resonant frequency 

(d) none of the above 

In a series R-L-C circuit at resonance 
(a) coLC = 1 (6) ojL 2 C 2 = 1 

(c) a j 2 LC = 1 (d) w 2 L 2 C = 1 

The ability of a resonant circuit to dis¬ 
criminate between onp particular fre¬ 
quency and all others is called its 
(a) impedance (b) selectivity 

(c) conductance 

(d) none of the above . 

The current in a circuit is given by 
(4.5+7 12) when the applied voltage is 


(100 + j 150). The complex expression 
for the impedance is 
(a) 13.7 -j 3.2 (b) 3.2 -j 13.7 

(c) 27.4 -j 6.4 (d) 6.4 -j 27.4 

8.180. An 8 £2 resistance, 16 Q inductive reac¬ 
tance and an unknown capacitor are 
connected in series across a 100 V, 50 
Hz supply. The current drawn by the 
circuit is 12.5 A The value of capacitance 
of the capacitor will be 

(a) 50 \*F (b) 100 pF 

(c) 150 \iF {d) 200 fxF 

8.181. An R-L-C circuit consists of a resis¬ 
tance of 1000 Q, an inductance of 100 
mH and a capacitance of 10 \i\iF. The 
Q -factor of the circuit is 

(a) 10 (6) 20 

(c) 50 {d) 100 

8.182. At half-power points of a resonance 

curve, the current is.times the max¬ 

imum current. 

(a) 1/2 (6) 1/V2 

(c)V2 (d) 2 

8.183. A resonance curve for a series circuit is 
a plot of frequency versus 

(a) current (6) voltage 

(c) impedance (d) reactance 

8.184. Higher the Q of a series circuit, 

(а) broader its resonance curve 

(б) narrower its pass band 

(c) greater its bandwidth 

(d) sharper its resonance 

8.185. Selectivities of different resonance cir¬ 

cuits are compared in terms of their 
(a) impedances (6) reactances 

(c) frequencies ( d ) band widths 

8.186. The power factor of a series R-L-C cir¬ 
cuit at its half-power points is 

(a) unity (6) lagging 

(c) leading 

(d) lagging or leading 

8.187. The voltage applied across an R-L cir¬ 
cuit is equal to.of Vi? and Vl 

(a) phasor sum (6) arithmetic sum 

(c) sum of the squares 

(d) algebraic sum 
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/ 8.188. The combined impedance of the circuit 
shown in Fig. 8.28 is 

6X1 6a 



—~~——II— 






10 xx 

Fig. 8.28 


(a) (2.5 -j 5) ohm (6) (5 -j 2.5) ohm 
(c) (5 — j 10) ohm (d) (5 +j 10) ohm 

8.189. A parallel A. C. circuit in resonance will 

(a) have current in each section equal 
to the line current 

(b) have a high voltage developed 
across each inductive and capaci¬ 
tive section 

(c) act like a resistor of low value 

(d) have a high impedance 

8.190. The dynamic impedance of an R-L and 
C parallel circuit at resonance is ...... 

ohm 

(a) R/LC (6) C/LR 

(c) LC/R (d) L1CR 

8.191. A parallel resonant circuit can be used 

(а) as a high impedance 

(б) to reject a small band of frequencies 

(c) both (a) and ( b) 

(d) to amplify certain frequencies 

8.192. In a power system, reactive power is 
necessary for 

(а) power transmission 

(б) stabilising the voltage level 

(c) counteracting the effect of reac¬ 
tance in the transmission system 
{d) none of the above 

8.193. The bridge shown in the Fig. 8.29 is 
balanced when the value of R is 



8.29 

(a) 50 Q (6) 100 £> 

(c) 200 Q (d) 250 Q 

8.194. The ratio of the bandwidth to the 

resonance frequency is called the.of 

the circuit. 

(a) impedance (b) susceptance 

(c) quality factor (d) selectivity 

8.195. Which of the following statement is in¬ 
correct ? 

(а) Resistance is a passive element 

(б) Voltage source is an active element 

(c) Conductance is a passive element 

(d) Current source is a passive element 

8.196. A capacitor with initial charge qo at 
t = 0* acts as 

(a) current source ( b ) voltage source 
(c) short-circuit (d) open-circuit 

8.197. A network is said to be non-linear if it 
does not satisfy 

(a) homogeneity condition 

( b) superposition condition 

(c) both (a) and (6) 

{d) associative condition 

8.198. Which of the following statement is in¬ 
correct ? 

(а) Ideal voltage source is one whose 
internal resistance is zero 

(б) Ideal voltage source is one whose 
internal conductance is zero 

(c) Ideal voltage source is one whose 
generated voltage is equal to. the 
available terminal voltage 

(d) Ideal current source is one whose 
internal conductance is zero 

8.199. A capacitor with no initial charge at 
t - oo acts 

(a) voltage source (6) current source 
(c) short-circuit (d) open-circuit 

8.200. In the circuit shown in Fig. 8.30 the 
current in the 10 Q resistor is i(t) = 12 
sin co£. The current in 30 Q resistance 
will be 


30X1. 





20X1 




ion. 

Fig. 8.30 
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(a) 36 sin wt (6) 18 sin (ot 

(c) 9 sin (0 1 (d) 4 sin (nt 

8.201. In the above problem, the average 

power consumed in 10 Q resistor will be 
(a) 240 W ( b ) 480 W 

(c) 720 W (d) 960 W 

8.202. The ammeter reading in the circuit 
shown in Fig. 8.31 will be 



(a) 12 A (6) 15 A 

(c) 20 A (d) 36.6 A 

8.203. Which of the following is not a non¬ 
linear element ? 

(a) Transistor (6) Heater coil 

(c) Diode 

(d) Electric arc with unlike electrodes 

8.204. Which of the following theorems enables 
a number of voltage (or current) source 
to be combined directly into a single 
voltage (or current) source ? 

(a) Superposition theorem 

(b) Compensation theorem 

(c) Millman's theorem 
(i d ) Thevenin’s theorem 

8.205. To neglect a current source, the ter¬ 
minals across the source are 

(а) replaced by source resistance 

(б) replaced by capacitance 

(c) short-circuited 

(d) open-circuited 

8.206. In the circuit shown in Fig. 8.32, the 

voltage function v(t) = 200 sin co£ and 
R = 200 £2. The average power is given 
by R = 20on. 


1- 

Vj(t) 

Fig. 8.32 

(a) 20 W ( b ) 50 W 

(c) 100 W ( d ) 200 W 


8.207. In the circuit shown in Fig. 8.33, maxi¬ 
mum power will be transferred when 
9 +jl3 


20+ j 30 


Fig. 8.33 

(a) Zl = 13 -j 9 (6) Z L = 13 +j 9 
(c) Zl = 9-j 13 ( d) Z L = 9 +j 13 

8.208. The frequency at which maximum volt¬ 
age occurs across the inductance in R- 
L-C series circuits is 
1 



(a) 


2jt 


■\J LC- C 2 R 2 


(b) 


id) 


2n VLC-fl 2 
1 


(c) 


2n VLC 


v 


2ji V LC 


c 2 r 2 


8.209. The frequency at which maximum volt¬ 
age occurs across the capacitance in 
R-L-C series circuits is given by 


(a) 


(6) 


(c) 


(d) 


j-V-T 

2n Y LC 


R z 
2 L 2 


.yr 


2n ¥ lc 2 


2 L 


2nVLU 

1 


2 jv/LC ” 2 L 2 


VE 


8.210. In series as well as parallel resonant 
circuits, increasing the value of resis¬ 
tance would lead to 

(a) decrease in bandwidth of both the 
circuits 

(fe) increase in bandwidth of both the 
circuits 

(c) decrease in bandwidth in series cir¬ 
cuit and increase in parallel circuit 

(d) increase in bandwidth in series cir¬ 
cuit and decrease in parallel circuit 
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8.31 


8 . 211 . 


8 . 212 . 


For a series R-L-C circuit tuned at 
resonant frequency which of the follow¬ 
ing statements is correct ? 

(a) The voltage across inductance is 
greater than applied voltage 

(b) The voltage across capacitance is 
greater than applied voltage 

(c) The voltage across both inductance 
and capacitance is greater than ap¬ 
plied voltage 

( d ) The voltage across both inductance 
and capacitance is less than the ap¬ 
plied voltage 

A coil with large distributed capacitance 
has a 

(а) high resonant frequency 

(б) low resonant frequency 

(c) low quality factor 

( d ) low resistance 

8.213. The series element in band pass filter 
is 

(a) capacitive (6) inductive 

(c) parallel combination of inductance 
and capacitance 

(d) series combination of inductance 
and capacitance 

8.214. The dual of a loop is 

(a) twig ( b ) node pair 

(c) mesh ( d) tree 

8.215. The series element of a band stop filter 
is 

(a) capacitive (b) inductive 

( c) parallel combination of L and C 

(d) series combination ofL and C 

8.216. The dual of a link is 

(a) twig (6) node 

(c) loop (d) tree branch 

8.217. The dominant wave is characterised by 

(a) highest cut off wave length 

( b ) lowest cut off wavelength 

(c) lowest attenuation 

(d) highest attenuation 

8.218. The reflection co-efficient of the 
simplest standing wave is 

B. Fill in the Blanks/Say Tfes’ or ‘No’: 

8.226. Inductive reactance can be measured 
by an ohmmeter. (Yes/No) 


(a)-l (b) 1 

(c) zero (d) infinity 

8.219. The shunt element in a band pass filter 
is 

(a) capacitive (b) inductive 

(c) parallel combination of L and C 

(d) series combination of L and C 

8.220. The shunt element of prototype high 
pass filter is 

(a) resistive (6) inductive 

(c) capacitive 

(d) combination of L and C 

8.221. The phase velocity v in a transmission 
line is 

(a) LC (6) VC/L 

(c) Vl/c (d) iYZc 

8.222. The series element for a prototype high 
pass filter is 

(a) resistive (b) inductive 

(c) capacitive 

(d) combination of L and C 

8.223. If fi and f 2 are half-power frequencies 

and/o be resonant frequency, the selec¬ 
tivity of R-L-C series circuit is given by 
(a) if z — /i)/2/o (b)(/ 2 -/i)//o 

(c) (f 2 -fo)/(fl -/ o) (d) (f 2 -/Wi -/b) 

8.224. At a frequency less than the resonant 
frequency 

(а) series circuit is inductive and paral¬ 
lel circuit is capacitive 

(б) series circuit is capacitive and 
parallel circuit is inductive 

(c) both circuits are capacitive 

( d) both circuits are inductive 

8.225. A series resonant circuit is capacitive 
at/= 150 Hz. The circuit will be induc¬ 
tive somewhere at 

(a) f greater than 150 Hz 

(b) / less than 150 Hz 

(c) /equal to 150 Hz by increasing the 
value of the resistance 

(i d) none of the above 

8.227. An ...... offers no opposition to pure 

D.C. 
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8.228. Inductance is the ability of a coil to 
oppose changes in current. (Yes/No) 

8.229. As L increases Xl increases. (Yes/No) 

8.230. The opposition of a circuit to an alter¬ 
nating current is called. 

8.231. The opposition offered by a capacitor to 

an alternating current is called capaci¬ 
tive reactance. (Yes/No) 

8.232. For a capacitor to be charged fully, it 

must be charged for five time-cons¬ 
tants. (Yes/No) 

8.233. Unit of admittance is. 

8.234. In one time-constant, a capacitor dis¬ 
charges .percent of its charge. 

8.235. R , L and C are the distributed elements 

of a transmission. (Yes/No) 

8.236. In cases of an unsymmetrical alternat¬ 

ing current the average value should 
always be taken over the.cycle. 

8.237. In an R-L-C circuit, the voltage across 
the resistance at resonance frequency 
is equal to applied voltage. (Yes/No) 

8.238. The power factor of a pure inductive 

circuit is. 

8.239. The inductors are designed to possess 
.value of Q-factor. 

8.240. Wattless watts refer to resistance. 

(Yes/No) 

8.241. With the change in polarity of an alter¬ 

nating voltage, current, also reverses 
its direction. (Yes/No) 

8.242. Double transients occur in.circuit. 

8.243. In a parallel R-L-C resonance circuit, 

at resonance the current will be. 

8.244. Transient are . in purely resistive 

circuit. 

8.245. Critical resistance is that value of resis¬ 

tance which causes the complex radical 
term to vanish. (Yes/No) 

8.246. The transient current of a loss free 

R-L-C circuit is. 

8.247. The frequency at which a R-L-C net¬ 

work behaves like a resistance network 
is called.frequency 

8.248. The power factor at resonance in l£-L-C 

series circuit is. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

8.249. An alternating current will induce 

maximum induced e.m.f. when the cur¬ 
rent has maximum change in magnetic 
field. (Yes/No) 

8.250. If Z\ = 60 Z 60° and Z 2 = 20 Z 30° then 


8.251. The transient currents are linked with 

changes in the stored energy in induc¬ 
tors and capacitors. (Yes/No) 

8.252. Admittance of any circuit is reciprocal 

of. 

8.253. In a parallel circuit, current at resonance 

is maximum. (Yes/No) 

8.254. Greater the magnitude of the induc¬ 
tance of the coil. will be the mag¬ 

nitude of back e.m.f. when given rate of 
change of current takes place. 

8.255. Time constant of a circuit is obtained 

by dividing the inductance by the resis¬ 
tance of the circuit. (Yes/No) 

8.256. In an inductive circuit voltage leads the 

current. (Yes/No) 

8.257. Total opposition to the current flow due 

to resistance and inductive reactance is 
called. 

8.258. Time constant of a capacitive circuit is 

capacitance multiplied by. 

8.259. In capacitive circuits current lags be¬ 
hind the voltage. (Yes/No) 

8.260. Inductive reactance of a circuit is given 

by^L = 2 Jt/L 2 . (Yes/No) 

8.261. The voltage across R , L and C in a 

R-L-C circuit is 30 V, 50 V, 90 V respec¬ 
tively then the voltage across the cir¬ 
cuit will be. 

8.262. In R-L-C series circuit voltage across 

inductance happens to be maximum 
just.resonance frequency. 

8.263. In parallel circuit resonance, value of 

resistance . effect on the value of 

resonant frequency. 

8.264.resonance circuit is called acceptor 

circuit and . resonance circuit is 

called as rejector circuit. 
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8.265. In series resonance circuit less the 

magnitude of resistance in the circuit, 
more steep will be the current response 
current. (Yes/No) 

8.266. When capacitor is connected parallel to 

an inductive load, the angle between 
voltage and current decreases and the 
power factor increases. (Yes/No) 

8.267. Q-factor in the case of series circuit is 

. magnification and in the case of 

parallel circuit it is the.magnifica¬ 

tion. 

8.268. Wattmeter connected in pure inductive 

or capacitive circuit will read. 

8.269. Reactive current flowing through in¬ 

ductive load produces magnetic field 
whereas reactive current flowing 
through the capacitive load produces 
electric field. (Yes/No) 

8.270. In an AC. circuit, power of the circuit 
is given by VI cos (j> where cos is called 
the power factor of the circuit. 

(Yes/No) 

8.271. For a given power in an AC. circuit, 

magnitude of current.as the power 

factor decreases. 

8.272. If Z = 10 L 30°, then R . Q and Xl = 

.Q. 

8.273. Polar form of an impedance 8 + j 6 will 

be 10 L 36.86°. (Yes/No) 

8.274. The frequency of applied voltage has 

nothing to do with Xl. (Yes/No) 

8.275. The phase angle between V and / in an 
R-L circuit lies been 0 and 90 degrees. 

(Yes/No) 

8.276. A tuned circuit provides across a known 

resistance, a voltage of known. 

8.277. If resistance of the coil used in a tuned 

circuit is small, it possesses high. 

8.278. If L, C and R denote inductance, 

capacitance and resistance respectively 
then VLC has the dimensions of fre¬ 
quency. (Yes/No) 

8.279. A pure inductance having no initial 
energy is connected across a pure 
capacitance having some initial energy. 


The current in the circuit will eventually 
decay to zero. (Yes/No) 

8.280. Peak-to-peak voltage = 2 x peak volt¬ 
age. (Yes/No) 

8.281. Peak voltage =.x peak-to-peak volt¬ 

age. 

8.282. Current in each branch of a parallel 

circuit is directly proportional to its 
respective conductance. (Yes/No) 

8.283. Z can be represented in polar form as 

Z=x+jy. (Yes/No) 

8.284. Time invariant is a term applied to a 

system when all its parameters do not 
change with time. (Yes/No) 

8.285. If two alternating quantities are 90° 

out of phase then if one attains zero 
value, the other will attain the peak 
value. (Yes/No) 

8.286. An inductor offers less opposition to 

current as the frequency of the applied 
voltage is increased. (Yes/No) 

8.287. A series R-C circuit can be taken as a 

low-pass filter if the output is taken as 
the.voltage. 

8.288. At very high frequencies a series R-C 

circuit behaves as almost purely. 

8.289. At.frequencies the parallel R-L cir¬ 

cuit behaves as almost purely induc¬ 
tive. 

8.290. A parallel resonant LrC circuit in series 
with the load is a band-stop filter. 

(Yes/No) 

8.291. A series resonant L-C circuit in series 
with the load is a band-pass filter. 

(Yes/No) 

8.292. A circuit with a phase angle of 90° does 

not dissipate any. 

8.293. An unwanted high frequency that is 

super-imposed on a low- frequency al¬ 
ternating voltage can be attenuated by 
the use of.filter. 

8.294. Ahigh pass filter passes high frequency 

input voltages and blocks low frequen¬ 
cies. (Yes/No) 

8.295. A wave-trap is a.filter. 
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8.299. 


The ratio of the bandwidth to the 

resonant frequency is defined as.of 

the circuit. 

8.297. The half-power frequencies are those 

frequencies at which the power dissipa¬ 
tion in the circuit is.of the power 

dissipation at resonant frequency/b* 

8.298. Electric networks, which permit unat¬ 
tenuated transmission of electric sig¬ 
nals within specified frequency ranges 

ANSWERS 

(A.C. Fundamentals, Circuits and Circuit Theory) 
A, Choose the Correct Answer: 


and produce attenuation to supress the 
signals outside the specified frequency 
ranges are known as. 

In.pass filters, the series element 

is capacitance and shunt element is 
inductance. 


8.300. ... ...is defined by any set of branches 

which together connects all the nodes 
of the graph, without forming a loop. 


8.1. (a) 

8.2. (c) 

8.3. (6) 

8.4. (6) 

8.5. (d) 

8.6. (d) 

8.7. (b) 

8.8. (a) 

8.9. (a) 

8.10. (c) 

8.11. (6) 

8.12. (6) 

8.13. (6) 

8.14. (6) 

8.15. (6) 

8.16. (c) 

8.17. (a) 

8.18. (a) 

8.19. (6) 

8.20. (c) 

8.21. (c) 

8.22. (a) 

8.23. (c) 

8.24. (6) 

8.25. (a) 

8.26. (c) 

8.27. (d) 

8.28. (d) 

8.29. (c) 

8.30. (6) 

8.31. ( d ) 

8.32. (a) 

8.33. (c) 

8.34. (c) 

8.35. (a) 

8.36. (6) 

8.37. (e) 

8.38. (a) 

8.39. (e) 

8.40. (6) 

8.41. (e) 

8.42. (d) 

8.43. (d) 

8.44. (c) 

8.45. (c) 

8.46. (e) 

8.47. (c) 

8.48. (a) 

8.49. (a) 

8.50. (c) 

8.51. (d) 

8.52. (c) 

8.53. (d) 

8.54. (c) 

8.55. (c) 

8.56. (c) 

8.57. (6) 

8.58. (a) 

8.59. (d) 

8.60. (a) 

8.61. ( d) 

8.62. (d) 

8.63. (d) 

8.64. (6) 

8.65. (c) 

8.66. (c) 

8.67. (a) 

8.68. (6) 

8.69. (a) 

8.70. (d) 

8.71. (a) 

8.72. (c) 

8.73. (a) 

8.74. (d) 

8.75. (a) 

8.76. (c) 

8.77. (e) 

8.78. (d) 

8.79. (d) 

8.80. (a) 

8.81. (6) 

8.82. (c) 

8.83. (6) 

8.84. (c) 

8.85. (a) 

8.86. (6) 

8.87. (d) 

8.88. (c) 

8.89. (a) 

8.90. (6) 

8.91. (a) 

8.92. (c) 

8.93. (a) 

8.94. (6) 

8.95. (6) 

8.96. (c) 

8.97. (6) 

8.98. (a) 

8.99. (6) 

8.100. (c) 

8.101. (d) 

8.102. (d) 

8.103. (d) 

8.104. (a) 

8.105. (c) 

8.106. (a) 

8.107. (d) 

8.108. (a) 

8.109. (6) 

8.110. (d) 

8.111. (d) 

8.112. (6) 

8.113. (c) 

8.114. (c) 

8.115. (c) 

8.116. (d) 

8.117. (c) 

8.118., (a) 

8.119 (c) 

8.120. (d) 

8.121. (a) 

8.122. (c) 

8.123. (d) 

8.124 (a) 

8.125. ( b ) 

8.126. (d) 

8.127. (a) 

8.128. (a) 

8.129. (c) 

8.130. (6) 

8.131. (c) 

8.132. (a) 

8.133. (a) 

8.134. (6) 

8.135. (a) 

8.136. (d) 

8.137. (a) 

8.138. (c) 

8.139. (a) 

8.140. (d) 

8.141. (6) 

8.142. (a) 

8.143. (c) 

8.144. (d) 

8.145. (c) 


Downloaded From : www.EasyEngineering.net 









Downloaded From : www.EasyEngineering.net 


A.C. FUNDAMENTALS, CIRCUITS AND CIRCUIT THEORY 8.35 


8.146. (c) 

8.147. (b) 

8.148. (a) 

8.149. (d) 

8.150. ( b ) 

8.151. (a) 

8.152. (a) 

8.153. (6) 

8.154. ( b) 

8.155. (a) 

8456. (c) 

8.157. (6) 

8.158. (6) 

8.159. (d) 

8.160. (a) 

8.161. (6) 

8.162. (d) 

8.163. (6) 

8.164. (d) 

8.165. (c) 

8.166. ( b) 

8.167. (d) 

8.168. (a) 

8.169. (6) 

8.170. (a) 

8.171. (b) 

8.172. (c) 

8.173. (c) 

8.174. ( b ) 

8.175. (a) 

8.176. (c) 

8.177. (c) 

8.178. ( b ) 

8.179. (a) 

8.180. (d) 

8.181. (d) 

8.182. ( b) 

8.183. (a) 

8.184. (b) 

8.185. (d) 

8.186. (d) 

8.187. (a) 

8.188. (b) 

8.189. (d) 

8.190. (d) 

8.191. (c) 

8.192. (c) 

8.193. (d) 

8.194. (d) 

8.195. (d) 

8.196. ( b ) 

8.197. (c) 

8.198. (6) 

8.199. (d) 

8.200. (d) 

8.201. (c) 

8.202. (d) 

8.203. (b) 

8.204. (c) 

8.205. (d) 

8.206. (c) 

8.207. (c) 

8.208. ( d) 

8.209. (a) 

8.210. (c) 

8.211. (c) 

8.212. (a) 

8.213. (d) 

8.214. (b) 

8.215. (c) 

8.216. (d) 

8.217. (6) 

8.218. ( b) 

8.219. (c) 

8.220. ( b ) 

8.221. (d) 

8.222. (c) 

8.223. ( b) 

8.224. (6) 

8.225. (a) 


B. Fill in the Blanks/Say ‘Yes’ or ‘No’: 


8.226. No 
8.228. Yes 
8.230. impedance 
8.232. Yes 
8.234. 63.2 
8.236. whole 
8.238. Zero 
8.240. No 
8.242. R-L-C 
8.244. absent 
8.246. sinusoidal 
8.248. unity 
8.250. 3 Z 30° 
8.252. impedance 
8.254. more 
8.256. Yes 
8.258. resistance 
8.260. No 
8.262. after 


8.227. inductance 
8.229. Yes 
8.231. Yes 
8.233. siemens 
8.235. Yes 
8.237. Yes 
8.239. high 
8.241. Yes 
8.243. minimum 
8.245. Yes 
8.247. resonance 
8.249. Yes / 

8.251. Yes 
8.253. No 
8.255.. Yes 
8.257. impedance 
8.259. No 
8.261. 50 
8.263. has 
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8.264. 

series, parallel 

8.265. 

8.266. 

Yes 

8.267. 

8.268. 

zero 

8.269. 

8.270. 

Yes 

8.271. 

8.272. 

8.66 Q, 5 Q 

8.273. 

8.274. 

No 

8.275. 

8.276. 

frequency 

8.277. 

8.278. 

No 

8.279. 

8.280. 

Yes 

8.281. 

8.282. 

Yes 

8.283. 

8.284. 

Yes 

8.285. 

8.286. 

No 

8.287. 

8.288. 

resistive 

8.289. 

8.290. 

Yes 

8.291. 

8.292. 

real power 

8.293. 

8.294. 

Yes 

8.295. 

8.296. 

selectivity 

8.297. 

8.298. 

filters 

8.299. 

8.300. 

Tree 



ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

Yes 

voltage, current 
Yes 

increases 

Yes 

Yes 

selectivity 

Yes 

0.5 

No 

Yes 

capacitor 
very low 
Yes 

low pass 
band-stop 
half 
high 


□ □ 
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Direct Current Generators 


9.1. PRINCIPLE OF A GENERATOR 

An electrical generator is a machine which converts mechanical energy (or power) into 
electrical energy (or power). It works on the following principle : 

‘Whenever a conductor cuts magnetic flux, dynamically induced e.m.f. is produced in it 
according to Faraday's law of electromagnetic induction 

9.2. PARTS OF A D.C. MACHINE 

A D.C. machine consists of two main parts : 

1. Stationary part : designed mainly for producing magnetic flux. 

2. Rotating part : called armature , where mechanical energy is converted into electrical 
(electric generator) or, conversely, electrical energy into mechanical (electric motor). 

Fig. 9.1 shows the sectional view of a four pole D.C. machine. 



Fig. 9.1. Sectional view of a four pole D.C. machine. 
The various parts of a D.C. machine are enumerated below : 

(i) Frame (ii) Field poles 

9.1 
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(iii) Commutating poles (; iv ) Armature 

(v) Commutator (vi) Brush gear 

(vii) Armature shaft bearings ( viii ) Armature windings. 

— According to the degree of closure produced by winding, armature windings are of the 
following two types: 

1. Open coil winding. 

2. Closed coil winding. 

The closed armature windings are of two types : 

( i ) Ring winding. (ii) Drum winding. 

In general there are two types of drum armature windings : 

(i) Lap winding. (u) Wave winding. 

‘Lap winding* is suitable for comparatively low voltage but high current generators where as 
Wave winding* is used for high voltage, low current machines. 

In the ‘lap winding* the finish of each coil is connected to the start of the next coil so that 
winding or commutator pitch is unity. In the ‘wave winding* the finish of coil is connected to the 
start of another coil well away from the first coil. 

9.3. E.M.F. EQUATION OF A GENERATOR 


E.m.f. equation of a generator is given as follows : 


rp ptyZN 
60a 


where E g = generated e.m.f. per parallel path in armature, 
p = number of poles, 

<J) = flux/pole, Wb, 

Z = total number of conductors, 

= number of slots x number of conductors/slot, 

N = rotational speed of armature, r.p.m., 
a = number of parallel paths in armature 

’ For a wave wound generator : a = 2 
For a lap wound generator : a =p 

9.4. TYPES OF D.C. GENERATORS 


...(9.1) 


According to method of excitation D.C. generators are classified as follows : 

1. Separately excited generators are those generators whose field magnets are energised 
from an independent external source of D.C. current. 

2. Self excited generators are those generators whose field magnets are energised by the 
current produced by the generators themselves. 

These generators can be divided in accordance with how the field winding is connected into 
generators, as follows : 

C i ) Shunt wound generators. (ii) Series wound generators. 

(iii) Compound wound generators : 

(a) Short shunt 

(b) Long shunt. ' 
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Fig. 9.2. Separately excited generator. 


Fig. 9.3. Shunt wound generator. 


! se* *a"l 



I 



Fig. 9.4. Series wound generator. 


Fig. 9.5. Short shunt compound 
wound generator. 


Fig. 9.6. Long shunt com¬ 
pound wound generator . 


9.5. LOSSES^ A D C. GENERATOR 


The total losses in a D.C. generator are summarised below : 

, Armature copper loss (= / a 2 R a ) : 30 


— Copper 
losses 


Total losses 



- Mechanical 
losses 



to 40% of full load losses 

Shunt copper loss (= / s f R s h or VI ^ in 
shunt generators), practically constant 
Series copper loss (= / s 2 R se in series 
generators) 

(The loss due to brush contact resistance 
is usually included in the armature copper 
loss) 

Hysteresis loss 
(P h = r) B l m l x fV watts) 


20 to 10% of full 
load losses 


Eddy current loss 
>2 

'max 


20 to 30% of full load losses 


(P e = K Bmax f t 2 v watts) 

(These losses are practically constant for shunt 
and compound wound generators) 

Friction 

10 to 20% of full load losses 


Windage 
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9.6. POWER STAGES AND EFFICIENCIES 

The various power stages in case of a D.C. generator are given below : 



Fig. 9.7. Power stages in a D.C. generator. 
1. Mechanical efficiency (r| m ): 

_ electrical power developed by armature 

~~ total mechanical power input 


_ Eg I a _ 

B.H.P. of prime mover x 735.5 


2. Electrical efficiency (r| e ): 

_ useful electrical power output _ VI 
~ electrical power developed ~~ E g I a 


3. Overall or commercial efficiency (r) 0 ^ = r| m x r| e ): 
_ useful electrical power output 
^ og ~ total mechanical power input 


_V7_ 

B.H.P. of prime mover x 735.5 


The overall efficiency of generator can be expressed as follows : 

_ useful power output _ 

^ og useful power output + total losses 

_ VI 

~ VI + total losses 


...(9.2) 

...(9.3) 


...(9.4) 


...(9.5) 


where E g = generated e.m.f. 

V = terminal voltage 
I = load current 
I a = armature current 

For good generators the value of overall or commercial efficiency may be as high as 95%. 

9.7. ARMATURE REACTION 


— When a machine operates at no-load , there exists in it only the m.m.f. of the main poles 
which creates the main flux (|> m , (Fig. 9.8). 

— Under load when, when a current flows through the armature winding, an m.m.f. appears 
(which creates c^) that interacts with the main m.m.f. (Fig. 9.9). Hence the magnetic flux 
(J)ft that exists in a machine when it operates under load should be considered as the 
resultant flux created by the resultant m.m.f. (Fig. 9.10). 

u The action of the armature m.m.f. on the main m.m.f. is termed as armature reaction \ 


Downloaded From : www.EasyEngineering.net 















Downloaded From : www.EasyEngineering.net 




DIRECT CURRENT GENERATORS 



G.N.A.—Geometrical Neutral Axis or plane 
M.N.A.—Magnetic Neutral Axis or plane 
Fig. 9.8. Flux produced by main field of a generator. 



Fig. 9.9. Flux produced by current in arma¬ 
ture conductors. 


The effects of armature flux may be analysed by considering the flux to consists of two 
components that are at right angles to each other as shown in Fig. 9.11. These components are : 

(i) Crpss-magnetising or distorting component. This component is at right angles to the 
main field, because this component crosses the main field flux, it is known as the cross-magnetising 
component of the armature flux. 



Fig. 9.10. Shift of generator flux due to 
armature flux. 



♦r*Cross-magneti$mg 

component 


<*> m Demagnetising 

-Component 

Fig . 9.11. Components of armature flux and their 
relative position with respect to main field flux. 


( ii ) Demagnetising component. This component is in the same plane as the;main-field flux. 
The direction of this component is opposite to the direction of the main field flux, with the result it 
tends to reduce the effect of the maintained flux. 

It may be noted that both cross-magnetising (or distorting) and demagnetising effects W/Z 
increase with increase in the armature current. 

Remedies for Neutralising Armature Reaction 

The detrimental effects of armature reaction can be controlled by using following methods : 

1. By increasing the length of air gap. 

2. By providing the machine with a compensating winding. 

3. By using commutating poles. 

4. By reducing the cross-section of the pole pieces. 
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Armature Ampere-turns (AT) 


1. Demagnetising AT per pole, 


AT d -^Zl 

...(9.6) 

2. Cross-magnetisingAT pole, 


AT c =Zl(if-^j%-\ 

....(9.7) 

c [ 2p 360 1 


where Z = total number of conductors 

0^ = forward lead in mechanical or angular degrees 
p = number of poles 
I = current in each armature conductor 

I n _ ^electrical 
mech. p a ^. 0 f p 0 l es 

Compensating Windings* The function of com¬ 
pensating windings is to neutralise the cross-magnetising 
effect of the armature reaction. These windings are used for 
large D.C. machines which are subjected to large fluctua¬ 
tions in load i.e. rolling mill motors and turbo-generators etc. 





Fig. 9.12. Demagnetising and cross- 
magnetising conductors . 


9.8. COMMUTATION 


Commutation means the process of current 
place in a coil during the period of short-circuit by 
a brush. The period during which this happens is 
called the commutation period. (Fig. 9.13). 

Two methods are available for improving 
commutation, i.e., of making the current in the 
short-circuited coil attain its full value in the 
reverse direction by the end of the short-circuit 
period. These are : 

1. Resistance commutation. In this 

method the low-resistance copper brushes are 
replaced by comparatively high resistance carbon 
brushes. 

Advantages of Carbon Brushes : 

1. They have high contact resistance which 
is useful for having good commutation. 

2. They lubricate and polish the commutator 
as it rotates. 

3. In the event of sparking, carbon brushes 
will damage the commutator less in comparison to 
copper brushes. 


collection by the brush or the changes which take 
+ j Coil curren t 

—Commutation time 


-I Co.i current 

p-— Commutation period (T c ) 

(a) 

a = Under Commutation 




Disadvantages of Carbon Brushes : 

1. Due to their high contact resistance, a loss of approximately 2 V is caused. Hence they are 

not much suitable for small machines where this voltage forms an appi*eciable percentage loss. 
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2. Because of the above large loss, the commutator has to be made somewhat larger than with 
copper brushes so as to dissipate heat efficiently without greater rise of temperature. 

3. Owing to their lower current density (about 7-8 A/cm 2 as compared to 25-30 A/cm 2 for copper 
brushes) large brush holders are required. 

2. E.m.f. Commutation* In this method an arrangement is made to neutralise the reactance 
voltage by producing a reversing e.m.f in the short-circuited coil under commutation. The reversing 
e.m.f. may be produced by the following two methods : 

(z) By giving the brush a forward lead sufficient enough to bring the short-circuited coil under 
the influence of next pole of opposite polarity. 

(ii) By using interpoles or compoles. 


9.9. D.C. GENERATOR CHARACTERISTICS 

The three most important characteristics of D.C. generators are : 

1. No load saturation characteristic. 

It is also known as magnetic or open-circuit characteristics. (O.C.C.). 

This characteristic is of interest mainly to the designer. 

3. External characteristics. 

This characteristics is of great importance in judging the suitability of a generator for a 
particular purpose. 

9.10. SEPARATELY EXCITED GENERATOR 

(a) No load saturation characteristics (O.C.C.). (Fig. 9.14) 



E 

2. Internal or total characteristic. ( — 




Fig. 9.14. Connection for a separately excited generator. 

(b) Internal and External characteristics (or load characteristics). (Fig. 9.15) 

Note. The great advantage of separate excitation over all other forms of excitation is that the current is 
entirely independent of the load current in the armature . It is, however, rather inconvenient to have to depend 
upon a separate source of supply and, therefore, the method is used only in special cases , where the generator has 
to operate over a wide range of terminal voltage. 
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Fig. 9.15. Load characteristics of a 
separately excited generator. 


9.11. SELF-EXCITED GENERATORS 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE^ 



Fig. 9.15 (a) Open-circuit characteristic of 
a separately excited generator. 


1. Shunt Generator 

Building up the voltage of self-excited shunt generator: 



Field 

winding 


Shunt 

regulator 



Field Current (I s ^ o.rI f Lamps. 


Fig. 9.16. Self-excited shunt generator. Fig . 9.17. Building up the voltage of a shunt generator. 

Critical resistance (RJ. The critical field circuit resistance, R c , is shown as tangent to the 
saturation curve passing through the origin, O, of the axes of the curve of Fig. 9.17. Field circuit 
resistance above the critical field resistance will fail to produce build-up. 

Reasons for failure of self-excited shunt generator to build-up voltage : 

. 1. No residual magnetism ; 

2. Field connections reversed ; and 

3. Field circuit resistance too high. 

Shunt Generator Characteristics 

Voltage Regulation. The term *voltage regulation 9 is used to indicate the degree of change 
in armature voltage produced by application of load. If there is little change from no-load to full load, 
the generator or volt age-supplying device is said to possess good voltage regulation. If the voltage 
changes appreciably with load, it is considered to have poor voltage regulation. 

‘Voltage regulation ’ is defined as the change in voltagejrom no-load to full load, expressed as 
a percentage of the rated terminal voltage (armature voltage at full load). 
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Shunt 
field, 
winding 
(R sh or R,) 



Fig. 9.18. Shunt generator under load. Fig. 9.19. Shunt generator load characteristics. 


i.e., Percent voltage regulation = x 100 ...(9.8) 

where Vni = no load terminal voltage ; 

Vfi = full load (rated) terminal voltage. 


2. Series Generator 



Fig. 9.20. Circuit for loading a series 
generator. 


Fig. 9.21. Characteristic curves of a 
D.C. series generator. 


— Owing to initially rising characteristic , the series generator is often used as a voltage 
booster to give an increase of voltage practically proportional to the current. 

— A series generator also finds application in electric traction where ‘ dynamic braking ’ is 
employed. The connections of the series traction motors are changed by means of a 
controller so that they act as generators; the power absorbed in braking the vehicle being 
dissipated in resistances, which are also used for starting purposes when the machines 
are reconnected as motors. 


3. Compound Wound Generators 

Over compound generator. An over compound generator is one whose terminal voltage 
rises with the application of load so that its full-load voltage exceeds its no-load voltage (negative 
regulation). 

Flat compound generator. A flat compound generator has a load-voltage characteristic in 
which the on-load and full-load voltages are equal (zero per cent regulation). 

Undercompound generator. An undercompound generator has a load characteristic in 
which the full load voltage is somewhat less than no-load voltage, but whose aiding series-field 
ampere-turns cause its characteristic to have better regulation than an equivalent shunt generator. 
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Fig. 9.22. Connection diagrams for 
a compound generator . 



Fig. 9.23. Current directions in series and 
shunt-field coils of cumulative and 
differential compound generators. 



Fig. 9.24. External load voltage characteristics of cumulative 
and differential compound generators. 

— Most commercial compound D.C. dynamos, whether used as generators or motors, are 
normally supplied by the manufacturer as overcompound machines . The degree of com¬ 
pounding (over, flat or under) may be adjusted by means of diverter which shunts the 
series field. 

9.12. APPLICATIONS OF D.C. GENERATORS 

Separately Excited Generators: 

(i) The separately excited generators are usually more expensive than self-excited generators 
as they require a separate source of supply. Consequently they are generally used where self-excited 
are relatively unsatisfactory. These are used in Ward Leonard systems of speed control, because 
self-excitation would be unsuitable at lower voltages. 

(ii) These generators are also used where quick and requisite response to control is important 
(since separate excitation gives a quicker and more precise response to the changes in the resistance 
of the field circuit). 

Shunt Generators: 

(i) These generators* are used to advantage, in conjunction with automatic regulators, as 
exciters for supplying the current required to excite the fields of A. C. generators. The regulator controls 
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the voltage of the exciter by cutting in and out some of the resistance of the shunt-field rheostat, 
thereby holding the voltage at whatever value is demanded by operating conditions. This is one 
of the most important applications of shunt generators. 

(ii) Shunt generators are used to charge batteries. 

Series Generators. The field of application of series generator is limited. These are used 
for the following purpose : 

(i) Series are lighting 

(ii) Series incandescent lighting 

(Hi) As a series booster for increasing the voltage across the feeder carrying current 
furnished by some other sources. 

(iv) Special purposes such as supplying the field current for regenerative braking of D.C. 
locomotives. 

Compound Generators. The compound generator is used for more than any other type. 

(i) It may be built and adjusted automatically to supply an approximately constant voltage 
at the point of use, throughout the entire range of load. This is very great advantage . It is possible 
to provide a constant supply voltage at the end of a long feeder by the simple expedient of over 
compounding the generator, because the resistance drop in the line is compensated for by the 
rising characteristic of the generator. 

When the point of utilisation is near the generator, a flat-compound machine may be used. 

(ii) Differentially compounded generator, finds the result of application as an arch welding 
generator where the generator is practically short-circuited every time the electrode touches the 
metal plates to be welded. 

(Hi) Compound generators are used to supply power to : 

— railway circuits 

— motors of electrified steam rail-roads, 

— industrial motors in many fields of industry, 

— incandescent lamps, and 

— elevator motors etc. 

9.13. REASONS FOR PARALLELING D.C. GENERATORS 

The reasons for paralleling D.C. generators, (especially when it is recognised that this 
usage of the worcLparallel means duplicater or multiple) are enumerated below : 

1. Reliability. The sources of power such as generators are frequently primary safety 
items and are therefore duplicated or paralleled for reliability. 

2. Continuity .of service. In case of break-down or routine maintenance it is frequently 
required that the device being worked on be isolated from its work and shut down. Therefore, if 
power sources are paralleled the routine or emergency operations can be performed without 
disturbing the load conditions. This affects both safety and economy. 

3. Efficiency. It is a known fact that many major types of machinery, such as generators, 
run most efficiently when loaded to their design rating. Electric power costs less per kWh when 
the generator producing it is efficiently loaded. Therefore, when the load is reduced, one or more 
generators can be shunt down and the remaining units kept efficiently loaded. 

4. Added capacity. The use of electricity is constantly increasing in the modern world 
of expanding population, goods and service. When added capacity is required, the new equipment 
can be simply paralleled with old. 

5. In several situations (not econfined to generators), the equipment available to do a 
particular task may not be available in a sufficiently large capacity or size in a single unit. Here 
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paralleling must be a design feature just to meet original load requirement. An absolute unit to 
the size and output capacity of a D.C. generator does not seem apparent, but in any endeavour 
a new largest size is always more expensive and usually has unforeseen ‘bugs’, which may be 
ruinously costly. 

Note. Power sources are rarely duplicated in home or automobile service, but usually are in air craft , 
marine, rail and industrial use. 

9.14. REQUIREMENTS OR PARALLELING D.C. GENERATORS 

The following are the principal types of situations where paralleling of D.C. generators 
is required : 

• Paralleing shunt generators of the same or varying sizes. 

• Paralleling compound generators of the same or varying sizes . 

There are certain requirements that must be met for successful electrical paralleling in 
all different situations. A parallel circuit is defined as one in which the same voltage exists across 
each unit as the paralleling point. 

This is absolutely required by Kirchhoff s voltage law. 

The following three conditions may be met if the generated voltages of the individual 
generators are not all the same, and they are paralleled : 

(i) If a generator is developing an internally generated voltage E g that is appreciably 
above the voltage at the paralleling point, generator action is taking place and the unit is 
delivering current to the load. 

(ii) When a generator is producing the same voltage as that existing at the paralleling 
point, no effective generating action is taking place and no current is flowing to the load. The 
generator is said to be \ floating*bn the line. It is netiher contributing nor drawing current and is 
still being rotated by its own prime-mover. 

(Hi) If the setting of the generator is so made that it develops less internal E g than voltage 
at the paralleling terminal, it wil draw current from the paralleling point and will be operating 
as 1 motor\ 

The above three situations are in entire agreement with Kirchhoff s current law, as any 
parallel circuit must be. 

The following are the requirements or conditions of paralleling D.C. generators : 

1. The polarities of the generators must be the same or the connections must be 
interchanged until they are. 

2. The voltages should be nearly if not exactly identical so that each machine will contribute. 

3. The change of voltage with change of load should be of the same character. 

A positive regulation machine cannot usefully combine with a negative regulation machine 
Circulating currents Would dominate the situation. An exact match of characteristics is desirable 
but not always achieved. 

4. The prime-movers that drive the generators should have similar and stable rotational 
jspeed characteristics. The prime-movers should either all be such that they have constant or flat 

rotational characteristics or should all droop in speed with increasing load. A rising speed 
characteristics with increasing load is unstable and will cause the affected machine to take more 
than its share, or even, all of the load. 

Note. Whenever generators are in parallel their +ve and - ve terminals are respectively 
connected to the + ve and - ve sides of the bus-bars. These bus-bars are heavy thick copper bars 
and they acts as + ve and - ve terminals for the whole power station. 
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WORKED EXAMPLES 


Example 9.1. A separately excited generator with constant excitation is connected to a 
constant resistance circuit . When the speed is 1200 r.p.rn. it delivers 120 A at 500 V. At what speed 
will the current be reduced to 60 A? Armature resistance = 0.1 Q. Contact drop/brush -IV. 
Armature reaction may be ignored. 


Solution. Initial speed, 


= 1200 r.p.m. 

Initial load current, 

4i 

= 120 A 

Initial terminal voltage, 

v, 

= 500 V 

Final load current, 

42 

= 60 A 

Armature resistance, 

K 

= 0.1 Q 

Contact drop/brush 


= IV 


Speed N 2 : 

Refer Fig. 9.25 

We know that e.m.f. generated (at load 
current of 120 A) 

E gl = V l + I aX R a + drop in brushes 
= 500+ 120 x 0.1+ 2 x 1 = 514 V 
Load resistance (constant), 

i? = —= 4.167 Q 
200 

Let E g2 be the generatd e.m.f. when 
current delivered is 60 A 

V 2 = Ia^i = 60 x 4.167 = 250 V 

^ 2 = V 2 + 7 0 A + 2x1 

. =250+ 60x0.1+ 2x1 = 258 V 



Fig. 9.25. 


Now using the relation, 


N 2 = E g 2 
N t E gl 

N 2 = 258 
1200 514 

-\j 1200x258 pnooo 

Av =-= 602.33 r.p.m. 

514 

Hence, speed at a load of 60 A = 602.33 r.p.m. (Ans.) 

Example 9.2, A separately excited D.C. generator, when running at 1200 r.p.m. supplies 
200 A at 125 V to a circuit of constant resistance. What will be the current when the speed is 
dropped to 1000 r.p.m. and the field current is reduced to 80% ? Armature resistance = 0.4 Qand 
total drop at brushes -2 V. Ignore saturation and armature reaction. 

Solution. Given : N l = 1200 r.p.m.; I a = 200 A; V = 125 volts; N 2 = 1000 r.p.m. 

Ip = 0.8 I n ; R a = 0.04 W; Drop at brushes = 2 V. 
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Current I a2 : 

For generator, 

For speed of 1200 r.p.m. 
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E P$ZN 

8 60a 

E gl = V + I a] R a + drop at brushes 
= 125 + 200 x 0.04 + 2 = 135 V 


35 _ p^Zxl200 
60a 


Now when the speed is dropped to 1000 r.p.m. and field current reduced to 80% 


n /?x(0.8<|>)Zxl000 

JCjaO — -- 

60a 




....(ii) 


From ( i ) and ( ii ), we have 


£ g 2 0.8x1000 

135 1200 

E g 2 -135x 0 8xl00 P . = 90 V 
8 1200 

V ^ B g2 -I a2 R a ~ Brush drop 

I** R L =W-^* 9-04-2 


or 


or 


l a2 


125 

200 


= 90-0.04-2 


0.625 I a2 + 0.04 I a2 = 88 or 0.665 I a2 = 88 
I a2 = 132.33 A. (Ans.) 

Example 9.3. A 4-pole , 500 V wave-wound shunt generator delivers a load current of 140 
A. It has 65 slots with 12 conductors/slot and runs at 800 r.p.m. The shunt field and armature 
resistances are 250 Q and 0.2 Q respectively. The diameter of the bore of the pole shoe is 45 cm, 
the angle subtended by the pole shoe is 70° and it is 25 cm in length. Assuming contact drop/ 
brush as 1 V, calculate the flux density in the air gap. 

Solution. Refer Fig. 9.26. 

Number of poles, p = 4 

Number of parallel paths, a = 2 

[generator being wave wound] 

Terminal voltage, V = 500 Volts 

Load current I - 140 A 

Speed of rotation, N = 800 r.p.m. 

Number of slots = 65 

Number conductors/slot = 12 

Total number of conductors, 

Z = 12 x 65 = 780 
Shunt field resistance, R sh = 250 Q. 

Armature resistance, R a = 0.2 Q 



Fig. 9.26 . 
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Diameter of the bore of pole shoe 
Angle subtended by the pole shoe, 
Length of pole shoe 
Contact dorp/brush 

Flux density in the air gap, B : 


D = 45 cm (= 0.45 m) 
0 = 70° 

= 25 cm ( = 0.25 m) 

= 1 V 


Shunt field current, 

Armature current, 
Generated e.m.f., 



500 

250 


= 2 A 


J a = J + 7 s/l = HO + 2 = 1.42 A 
E g = V + I a R a + brush drop 

= 500 + 140 x 0.2 + 2 x 1 = 530.4 V 


Also, 


or 




60a 


530.4 


4x(frx780x800 

60x2 


<t> = 


530.4x60x2 

4x780x800 


= 0.0255 Wb 


Arc length of pole shoe = 


n D0 7ix0.45x70 


= 0.275 m 


360 360 

Area of pole shoe, A = arc length x length of pole shoe 

= 0.275x0.25 = 0.06875 m 2 


Flux density in the air gap, B = ®^55 

A 0.06875 


= 0.371 T (or Wb/m 2 ) 


Hence, flux density in the air gap = 0.371 T. (Ans.) 

Example 9.4. A long shunt compound generator has a shunt-field wilding of 1 ,000 turns 
per pole , and series field winding of 4 turns per pole and resistance of 0.05 Q. In order to obtain 
the rated voltage both at no load and full load for operation as shunt generator it is necessary to 
increase the field current by 0.2 A. The full load armature current of the compound generator is 
80 A. Calculate the diverter resistance connected in parallel of series field to obtain flat compound 
operation. 

Solution. Refer Fig. 9.27. 

Additional ampere-turns required to maintain 
rated voltage at a full load for operation as a D.C. 
shunt generator 

= number of turns on shunt field 

winding x additional shunt field current 
= 1000x0.2 = 200 AT 
No. of series turns per pole, N se = 4 
Current required to produce 200 AT 
by the series field, 




200 = 200 
4 


= 50 A 



Fig. 9.27. 
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Armature current, I a = 80 A (Given) 

Current through the divertor, I div =I a - I se 

= 80 - 50 = 30 A 


If R div . is the resistance of divertor, then 


Idiv . x Rdiv “* Ise x Rse 


Rdiv. ~ 


Ise*R se 50x0.05 


±se 


Idiv. 


30 


= 0.0833 a (Ans.) 


Example 9.5. In a 120 Vcompound generator, the resistances of the armature, shunt and 
series windings are 0,06 Q, 25 Q and 0.04 Q. respectively. The load current is 100 A at 120 V. 
Find the inuced e.m.f. and the armature current when the machine is connected as (i) long shunt 
and as (ii) short shunt. 

How will the ampere-turns of series field be changed in (i) if a divertor of 0.1 Q be connected 
in parallel with the series field winding ? 

Neglect brush contact drop and ignore armature reaction. (GATE) 


Solution. Terminal voltage, V = 120 Volts 


Load current, I = 100 A 

R a = 0.06 Q; R sh = 25 Q; R se = 0.04 Q 

(i) When the generator is connected as long shunt: Refer Fig. 9.6. 


Shunt field current, I s h ~ - 4.8 A 

Rsh 25 

Armature current, I a = 7+ I sh = 100 + 4.8 = 104.8 A 

Induced e.m.f. E g = V+ I a (R a + R se ) 

= 120 + 104.8 (0.06 + 0.04) = 130.48 V. (Ans.) 
(ii) When the generator is connected as short shunt: Refer Fig. 9.5. 

Voltage across shunt field, V sh = V + I se R se 

= 120 + 100 x 0.04 = 124 V 
y, 194 

Shunt field current, I s h = ~~ = —rr = 4.96 A 

Rsh 25 

Armature current, I a =l+ I sh 

= 100+ 4.96 = 104.96 A 
Induceed e.m.f. E g = V + I a R a + 7 SfiJ R se 

= 120 + 104.96 x 0.06 + 100 x 0.04 
= 130.29 V. (Ans.) 

When a divertor of 0.1 Q is connected 
in parallel with the series winding in case of 
lohg shunt wound genertor, as shown in Fig. 

9.28, the current through the series field will 
be reduced and as per current divide rules the 
current through the series field winding will 
be given as 
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: Ise x 




m. 


Rsh + Rdiv. 


= 104.8x- 


0.1 


0.04 + 0.1 

Percentage reduction in series field current 

104.8-74.86 


= 74.86 A 


104.8 


xl00 = 28.57% 


Since number of turns on series field winding remains unchanged, therefore, the 
percentage reduction in ampere turns of series field winding would be the same as the percentage 
reduction in series field current , i.e., 28.57% (Ans.) 

JkrampJe ILB.A series generator having a combine armature and field resistance of 0.4 D 
is running at 1,000 r.p.m. and delivering 5.5 kWat a terminal voltage of 110 volts. If the speed 
is raised to 1500 r.p.m. and load adjusted to 10 kW, find the new current and terminal voltage. 

Assume the machine is working on the straight line portion of the magnetisation 
characteristic. ^ 


Solution. At 1000 r.p.m.: 
Output, 

Terminal voltage, 

Load current, 

Generator e.m.f., 

At 1500 r.p.m.: 

Load adjusted, 

Let 

Now, 

Generated e.m.f., 


P x = 5.5 kW 
V^llOV 

/i= a.^ 50A 

E . = V. + I. (2? + R ) 

g 1 1 1 v a se / 

= 110+ 50x0.4 = 130 V. 


P 2 = 10 kW 

/ 2 = current supplied by the generator 
V 2 = terminal voltage 

y _ P 2 10X1000 

2 h h 
E g 2 = r 2 + i<l + R se ) 

10000 


i-e ., 


' + O. 4/2 
^2 

Since generated e.m.f. is directly proportional to the product of flux per pole and speed 

E g qc <j >N 

E g i 4>1 


h Ny 


[V <t»oc/] 
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10000 


+ 0.4/2 


h „ 1500 


or 

or 

or 

or 

and 




130 50 1000 

10000+0.4 /, 2 


±2 


130J 2 


= 0.03/ 2 


3.5 V = 1000 

4 = 53.45 A (Ans.) 
10000 


v 2 = - 


53.45 


= 187.1 A. (Ans.) 


Example 9.7. A 50 kW } 500 V, 4-poie generator has a 2 layer simplex lap winding in 36 
slots with 10 conductors in each layer. If the brushes are given an actual lead of 10calculate: 

(i) Demagnetising AT/pole, 

(ii) Cross-magnetising AT/pole, 

(Hi) Number of turns per pole on the compensating winding if the pole arc to pitch is 0.8 
and brushes are placed on geometric neutral plane. 

Solution. Output of the generator, P = 50 kW 

Terminal voltage, V = 500 Volts 

Number of poles, p = 4 

Number of parallel paths, a- 4 [generator being lap wound] 

Type of winding = 2 layer simplex lap winding 

Total number of conductors, Z = 2 x no. of slots x conductors/slot 

= 2x36x 10 = 720 


e m = io» 

7 P 50X1000 = 100 A 
0 V 500 

7 = ^a. = —= 25 A 
a 4 


Brush lead, 

Armature current, 

Current in each conductor, 

( i) Demagnetising AT/pole : 

Using the formula 

ATJpole = ZJxiaL = 720 x 25 x-1^- = 500 AT/pole 
a 360 360 

Hence, demagnetising AT/pole = 500. (Ans.) 

(iii) Cross-magnetising AT/pole: 

Using the formula, 

= 720x 25f — -—1 

360 J V2*4 360 J 


AT C I pole = Z/f—- 

[2p 

= 720 x 2sf = 720x 25x —2 = 1750 

U 36; 8X36 


Hence, cross-magnetising AT/pole SJMtJ&PfirU : www.EasyEngineering.net 
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(Hi) Number of turns per pole for compensating winding: 

We know that, 

AT/pole for compensating winding —x- p< % ar ? = — Q - 25 xQ.8 = 1800 

2 p pole pitch 2x4 


.\ Number of turns per pole for compensating winding = =18 

100 

Hence, number of turns/pole for compensating winding = 18 (Ans.) 


Example 9.8. A 4-pole wave wound D.C. shunt generator runs at 1000 r.p.m. when 
supplying 330 lamps each rated at 60 W, 110 V. It has a shunt field current of 2A. There are 90 
commutator segments and brush width is equal to 1.1 commutator segments. The self-inductance 
of each coil is 0.025 mH. Determine the reactance voltage if the commutation is : / 

(i) Linear _ (ii) Sinusoidal. 


Solution. Number of poles, 
Number of parallel paths, 

Lamp load 
Shunt field current, 

Rotational speed 

Number of commutator segments 

Brush width, 

Self-inductance of each coil 
Reactance voltage: 


P = 4 

a = 2 [generator being wave wound) 
= 360 x 60 Wat 110 V 
= 2A 

= 1000 r.p.m. 

= 90 

W b = 1.1 commutator segment 
= 0.025 mH = 0.025 x 10~ 3 H 


sh 


Load current, 

Armature current, 

Current in each conductor 
Peripheral velcoity in segments/sec, 


I = 330x60 = lg0 A 
110 

4 = 4 + ^ = 180 + 2 = 18 2A 

= 4_ = 182 =91 A 
a 2 


v c = revolutions/sec. x no. of segments 


1000 

60 


x 90 = 1500 


Time of commutation, 

( i ) Linear commutation : 

Reactance voltage 


T c = — = = 0.000733 s 

v c 1500 


= L.— = 0.025xl0~ 3 x 2x91 _ 

T c 0.000733 

= 6.2 V. (Ans.) 

Downloaded From : www.EasyEngineering.net 










Downloaded From : www.EasyEngineering.net 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


( ii ) Sinusoidal commutation : 

Rectance voltage 


= 1.1 lx L.— 


= 1.11x0. 025 x 10 ~ 3 x 2 ? <9 - 1 - = 6.89 V. (Ans.) 

0.000733 1 7 

Example 9.9. A D.C. shunt generator driven at a constant speed of 600 r.p.m. has the 
following O.C.C. : 

Field current, A : 1.5 3 4.5 6 7.5 9.0 

E.m.f., V : 75 150 200 230 250 265 

(i) Determine the voltage that can be developed with a field resistance of 30 Q. 

(ii) When the field resistance is 30 Q the terminal voltage of the generator is 240 V. Find 
the voltage drop due to reduction in field current and load current of the generator. Armature 
reaction weakens the field by 2 per cent. 

(iii) Determine the voltage drop due to armature reaction when the field resistance is 40 
Q, terminal voltage is 120 V and the armature current is 90 A. 

The armature resistance = 0.07Q and contact drop per brush -IV. 

Solution. Plot the O.C.C. curve as shown in Fig. 9.30. Line OL represents 30 Q resistance line: 



Field Current, A 
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({) The voltage (corresponding to point L) that can be developed with a field resistance of 
30 Q = 265 V. (Ans.) 

( ii) Terminal voltage = 240 V 

Field resistance = 30 Q 

Field current = = 8 A 1 

For O.C.C. in Fig, 9.30 the e.m.f. induced when field current (shunt) is 8 A = 255 V 
Voltage drop due to reduction in field current 

| = 265 - 255 = 10 V. (Ans,) 

Induced e.m.f. of generator on load 

= fl——lx255 = 249.9 V 

l 100J 

Therminal voltage, V- E g - I a R a - drop at brushes 
240 = 249.9 - I a x 0.07 -2x1 
I a = 7.9/0.07 = 112.8 A 
But W + 

i.e., 112.8 = 7+8 

I =104.8 A 

Hence, load current = 104.8 A. (Ans.) 

(iii) Terminal voltage = 120 V 

Field resistance = 40 Q 

120 

Shunt field current =-= 3 A 

40 

From Fig. 9.30 induced voltage corresponding to 3 A = 150 V 

Voltage drop due to armature reaction, armature resistance and brush contact 

= - V= 150 - 120 = 30 V 

Voltage drop due to armature resistance 

= I a R a = 90 x 0.07 

= 6.3V [7 0 = 90 A (Given)] 

Brusin contact drop = 2 x 1 = 2V 
/. Voltage drop due to armature reaction 

= 30 - voltage drop due to armature resistance - brush contact drop 
= 30 - 6.3 — 2 = 21.7 V. 

Hence,voltage drop due to armature reaction = 21.7 V. (Ans.) 

Example 9.10. Two shunt generators are operating in parallel . The e.m.f. induced in one 

machine is 260 V and that induced in the other machine is 270 V. They supply together a load 
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current of 1800A. If the each machine has an armature resistance of 0.04 ohm and field resistance^ 
50 ohms, determine: 


or 


or 


or 


(i) Terminal voltage 
(ii) Output of each machine. 

Solution. E.m.f. generated in generator 1, 
E.m.f. generated in generator 2, 

Armature resistance of each generator, 
Field circuit resistance of each generator, 
Total load current supplied, 

Terminal voltage of each generator , 

Output of generator 1, 

Output of generator 2, 

(i) Generator 1 : 


E gl = 260 V 


E g2 = 270 V 


R a = 0.04 ohm 


R sk - 50 ohms 


I = 1800 A 
V=? 


p i = ? 


p =9 
r 2 ' 


Shunt field currents, 
Also, 


*“-s A 


V=E gl -I al R al 


or 

Generator 2 : 
Shunt field current, 


V 


V = 260 -1 |x 0.04 


Ish2 " 50 A 


V 


V = 270-\I 2 + — 1x0.04 
50 j 


Again 

Equating eqns. ( i ) and (ii), we get 

260 - ( h +—) x 0.04 = 270 - {I 2 + —) x 0.04 
l 50 J l 50 J 

^ J 2 + -Ljx 0.04 - + J^jx 0.04 = 270 - 260 


0.04| I<} + —— 1\ -I — 10 

1 50 50, 


0.04 (I 2 — /j) = 10 
/ 2 -/! = 250 


Also, 


7, +L= 1800 


...» 


...(in) 
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Adding eqns. (iii) and (id), we get 


9.23 


2/ 2 =2050 
4 =1025 A 


and 


and 


Hence, 


4 =1800-1025 = 775 A 
4 = 775 A 


4 =1025 A 


Substituting the value of 4 in eqn. (i), we get 

V = 260 - ^775 + ^ 0 


04 


1.0008 

Hence, terminal voltage = 228.8 V. (Ans.) 


= 260 - 31-0.0008 V or 1.0008 V = 229 
V = - - - 228.8 V 


(ii) Output of generator 1, 
Output of generator 2, 


Pi = fcW = — — ^ 7 - = 177.32 kW 

1000 1000 

P> = kW 


1000 

228.8x1025 

1000 


= 234.52 kW 


Hence, Pj = 177.32 kW and P 2 = 234.52 kW. (Ans.) 


OBJECTIVE TYPE QUESTIONS 


A. Choose the correct answer : 

9.1. Laminations of core are generally 

made of > 

(а) case iron 

(б) carbon 

]Ac) silicon steel 
(d) stainless steel 

9.2. Which of the following could be 
lamina-proximately the thickness of 
lamina-tions of a D.C. machine ? 

(a) 0.005 mm 

(b) 0.05 mm 
4c) 0.5 m 
(d) 5 m 

9.3. The armature of D.C. generator is 


laminated to 

(a) reduce the bulk 

(b) provide the bulk 

(c) insulate the core 

4d) reduce eddy current loss 

9.4. The resistance of armature winding 
depends on 

(а) length of conductor 

(б) cross-sectional area of the 
conductor 

(c) number of conductors 
all of the above 

9.5. The field coils of D.C. generator are 
usually made of 

(a) mica ^6) copper 

(c) cast iron (d) carbon 
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9.6. The commutator segments are con¬ 
nected to the armature conductors by 
means of 

J&) copper lugs (6) resistance wires 

(c) insulation pads (d) brazing 

9.7. In a commutator 

(a) copper is harder than mica 

(b) mica and copper are equally hard 
ife) mica is harder than copper 

(d) none of the above 

9.8. In D.C. generators the pole shoes are 
fastened to the pole core by 

(a) rivets 

^b) counter sunk screws 

(c) brazing (d) welding 

9.9. According to Fleming’s right-hand rule 
for finding the direction of induced 
e.m.f., when middle finger points in the 
direction of induced e.m.f., forefinger 
will point in the direction of 

(a) motion of conductor 
•(&) lines of force 

(c) either of the above 

(d) none of the above 

9.10. Fleming’s right-hand rule regarding 
direction of induced e.m.f., correlates 
(a) magnetic flux, direction of current 

flow and resultant force 
magnetic flux, direction of motion 
and the direction of e.m.f. induced 

(c) magnetic field strength, induced 
voltage and current 

(d) magnetic flux, direction of force and 
direction of motion of conductor 

9.11. While applying Fleming’s right-hand 
rule to find the direction of induced 
e.m.f., the thumb points towards 

(а) direction of induced e.m.f. 

(б) direction of flux 

(c) direction of motion of the conductor 
if forefinger points in the direction 
of generated e.m.f. 

i/d) direction of motion of conductor, if 
forefinger points along the lines of 
flux 

9.12. The bearings used to support the rotor 
shafts are generally 

4er) ball bearings (6) bush bearings 
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(c) magnetic bearings 
(i d ) needle bearings 

9.13. In D.C. generators, the cause of rapid 
brush wear may be 

(a) severe sparking 

(i b ) rough commutator surface 

(c) imperfect contact ~ 

-f d) any of the above 

9.14. In lap winding, the number of brushes 
is always 

(a) double the number of poles 
4b) same as the number of poles 

(c) half the number of poles 

(d) two 

9.15. For a D.C. generator when the number 
of poles and the number of armature 
conductors is fixed, then which winding 
will give the higher e.m.f. ? 

(a) Lap winding 4b) Wave winding 

(c) Either of (a) and (b) above 

{d) Depends on other features of design 

9.16. In a four-pole D.C. machine 

(a) all the four poles are north poles 
alternate poles are north and south 
(c) all the four poles are south poles 
{d) two north poles follow two south 
poles 

9.17. Copper brushes in D.C. machine are 
used 

(a) where low voltage and high cur¬ 
rents are involved 

(b) where high voltage and small cur¬ 
rents are involved 

(c) in both of the above cases 

(d) in none of the above cases 

9.18. A separately excited generator as com¬ 
pared to a self-excited generator 

(а) is amenable to better voltage con¬ 
trol 

(б) is more stable 

(c) has exciting current independent of 
load current 

4d) has all above features 

9.19. In case of D.C. machines, mechanical 
losses are primary function of 

(a) current w ( b) voltage 

speed (d) none of above 
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9.20. Iron losses in a D.C. machine are inde¬ 
pendent of variations in 

(a) speed 4b) load 

(c) voltage 

(< d ) speed and voltage 

9.21. In D.C. generators, current to the ex¬ 
ternal circuit from armature is given 
through 

{a) commutator (6) solid connection 

(c) slip rings id) none of above 

9.22. Requirement of speed at which 
machine is driven is 

more critical in the case of al- 
tenators 

( b ) more critical in the case of D.C. 
generators 

(c) equally critical in the case of alter¬ 
nators as well as D.C. generators 

9*23. Brushes of D.C. machines are made of 
in) carbon ( b ) soft copper 

(c) hard copper (d) all of above 

9.24. In D.C. generator, on no load 

(a) magnetic neutral axis moves from 
geometrical neutral axis in the op¬ 
posite direction of rotation 
$>) magnetic neutral axis coincides 
with geometrical neutral axis 

(c) magnetic neutral axis moves from 
geometrical neutral axis in the 
direction of rotation 

(d) none of the above 

9.25. If B is the flux density, l the length of 

conductor and v the velocity of conduc¬ 
tor, then induced e.m.f. is given by 
4a) Blv ( b) Blv 2 

(c)B1 2 v ( d)Bl 2 v 2 

9.26. In case of a 4-pole D.C. generator 

provided with a two layer lap winding 
with sixteen coils, the pole pitch will be 
(a) 4 4b) 8 

(c) 16 (d) 32 

9.27. The material for commutator brushes 
is generally 

(a) mica (6) copper 

(c) cast iron 4d) carbon 

9.28. The insulating material used between 

the commutator segments is normally 
(a) graphite (b) paper 


4c) mica 

id) insulating varnish 

9.29. In a D.C. generator, ifp be the number 
of poles and N be the r.p.m. of rotor, 
then the frequency of magnetic rever¬ 
sals will be 


(«>f 





9.30. For generating large currents on D.C. 
generators which winding is generally 
preferred ? 

(a) Progressive wave winding 
4b) Lap winding 

(c) Retrogressive wave winding 
(i d ) Current depends on design 

9.31. The purpose of providing dummy coils 
in a generator is 

(a) to enhance flux density 

( b ) to amplify voltage 

Le) to provide mechanical balance for 
the rotor 

(d) to reduce eddy currents 

9.32. In a D.C. generator, the armature reac¬ 
tion results in 

(a) demagnetisation of the centres of 
poles 

(i b) magnetisation of interpoles 
S& demagnetisation of the leading pole 
tip and magnetisation of the trail¬ 
ing pple tip 

(d) magnetisation of the leading tip and 
demagnetisation of the trailing pole 
tip 

9.33. In a D.C. generator in case the brushes 
are moved so as to bring them in mag¬ 
netic neutral axis, then, there will be 

(а) demagnetisation 
(fe) cross-magnetisation 

Jp) cross-magnetisation as well as 
demagnetisation 
(d) none of the above 

9.34. The polarity of a D.C. generator can be 
reversed by 

4 a) reversing the field current 

(б) increasing field current 
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9.35. 


9.36. 


9.37. 


9.38. 


9.39. 


9.40. 


9.41. 


(c) reversing field current as well as 
direction of rotation 

(d) any of the above 

In D.C. generators, the brushes on com¬ 
mutator remain in contact with conduc¬ 
tors which 

(a) lie under south pole 

( b ) lie under north pole 

she) lie under interpolar region 
(d) are farthest from the poles 
In a lap wound D.C. generator having 
p as number of poles and Z as number 
of conductors, the maximum number of 
equilizer rings will be 
(a) Z ( b) p 

p 




If brushes of a D.C. generator are 
moved in order to bring these brushes 
in magnetic neutral axis, there will be 

(а) demagnetisation only 

(б) cross magnetisation as well as mag¬ 
netisation 

{ Je) crossmagnetisation as well as 
demagnetising 
(d) cross magnetisation only 
Armature reaction of an unsaturated 
D.C. machine is 
ddf crossmagnetising 
(6) demagnetising 

(c) magnetising ( d ) none of above 

D.C. generators are connected to the 
busbars or disconnected from them 
only under the floating condition 

(a) to avoid sudden loading of the 
primemover 

(b) to avoid mechanical jerk to the shaft 

(c) to avoid burning of switch contacts 
\j (d) all above 

Eddy currents are induced in the pole 
shoes of a D.C. machine due to 

(а) oscillating magnetic field 

(б) pulsating magnetic flux 

J£p) relative rotation between field and 
armature 

(d) all above 

In a D.C. machine, short-circuited field 
coil will result in 


(a) odour of burning insulation 

(6) unbalanced magnetic pull produc¬ 
ing vibrations 

(c) reduction of generated voltage for 
which excitation has to be increased 
to maintain the voltage 
id) all above 

9.42. Equilizer rings are required in case 
armature is 

-ip) wave wound 4$) lap wound 
(c) delta wound (d) duplex wound 

9.43. Welding generator will have 
Ufe^lap winding (6) wave winding 

(c) delta winding 

(d) duplex wave winding 

9.44. In case of D.C. machine winding, num¬ 
ber of commutator segments is equal to 
id) number of armature coils 

(b) number of armature coil sides 

(c) number of armature conductors 

( d ) number of armature turns 

9.45. For a D.C. machines laboratory follow¬ 
ing type of D.C. supply will be suitable 

(а) rotary converter 

(б) mercury are rectifier 

43 induction motor D.C. generator set 
(d) synchronous motor D.C. generator 
set 

9.46. The function of pole shoes in the case of 
D.C. machine is 

(а) to reduce the reluctance of the mag¬ 
netic path 

(б) to spread out the flux to achieve 
uniform flux density 

(c) to support the field coil 
J4) to discharge all the above functions 

9.47. In the case of lap winding resultant 
pitch is 

(а) multiplication of front and back 
pitches 

(б) division of front pitch by back pitch 
(c) sum of front and back pitches 

difference of front and back pitches 

9.48. A D.C. welding generator has 

lap winding (6) wave moving 
(c) duplex winding (d) any of the above 

9.49. Which of the following statement about 
D.C. generators is false ? 
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(a) Compensating winding in a D.C. 
machine helps in commutation 

(6) In a D. C. generator interpoles wind¬ 
ing is connected in series with the 
armature winding 

(c) Back pitch and front pitch are both 
odd and approximately equal to the 
pole pitch 

.(d^Equilizing bus bars are used with 
parallel running of D.C. shunt gen¬ 
erators 

9.50. The demagnetising component of ar¬ 
mature reaction in a D.C. generator 

reduces generator e.m.f. 

(6) increases armature speed 

(c) reduces interpoles flux density 

(d) results in sparking trouble 

9.51. Magnetic field in a D.C. generator is 
produced by 

fa) electromagnets 

( b ) permanent magnets 

(c) both (a) and (6) 

( d) none of the above 

9.52. The number of brushes in a commutator 
depends on 

(а) speed of armature 

(б) type of winding 

(c) voltage 

J(d) amount of current to be collected 

9.53. Compensating windings are used in 
D.C. generators 

(a) mainly to reduce the eddy currents 
by providing local short-circuits 

(b) to provide path for the circulation of 
cooling air 

Jp) to neutralise the cross-magnetising 
effect of the armature reaction 

(d) none of the above 

9.54. Which of the following components of a 
D.Cv generator plays vital role for 
providing direct current of a D. C. gene¬ 
rator ? 

(a) Dummy coils {&) Commutator 

(c) Eye bolt (d) Equilizer rings 

9.55. In a D.C. generator the ripples in the 
direct e.m.f. generated are reduced by 
(a) using conductor of annealed copper 


9.27 

Q&T 'using commutator with large num¬ 
ber of segments 

(c) using carbon brushes of superior 
quality 

( d ) using equiliser rings 

9.56. In D.C. generators, lap winding is used 
for 

{a) high voltage, high current 
db) low voltage, high current 
(c) high voltage, low current 
(< d ) low voltage, low current 

9.57. Two generators A and B have 6-poles 
each. Generator A has wave wound ar¬ 
mature while generator B has lap 
wound armature. The ratio of the in¬ 
duced e.m.f. is generator A and B will 
be 

(a) 2 : 3 Jfr) 3 : 1 

(c) 3 : 2 (d) 1:3 

9.58. The voltage drop for which of the fol¬ 
lowing types of brush can be expected 
to be least ? 

(а) Graphite brushes 

(б) Carbon brushes 

fa) Metal graphite brushes 

(d) None of the above 

9.59. The e.m.f. generated by a shunt wound 
D.C. generator is E. Now while pole flux 
remains constant, if the speed of the 
generator is doubled, the e.m.f. gene¬ 
rated will be 

(a) E/2 '<$) 2 E 

(c) slightly less than E 

(d) E 

9.60. In a D.C. generator the actual flux dis¬ 
tribution depends upon 

(а) size of air gap 

(б) shape of the pole shoe 

(c) clearance between tips of the ad¬ 
jacent pole shoes 
iff) all of the above 

9.61. The armature core of a D.C. generator 
is usually made of 

da) silicon steel ( b ) copper 

(c) non-ferrous material 

(d) cast-iron 

9.62. D.C. generator generates 
—(a) a.c. voltage in the armature 
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(b) d.c. voltage in the armature 

(c) a.c. superimposed over d.c. 

(< d ) none of the above 

9.63. Satisfactory commutation of D.C. 
machines requires 

(a) brushes should be of proper grade 
, and size 

(b) brushes should smoothly run in the 
holders 

(c) smooth, concentric commutator 
properly undercut 

'(rf) all of the above 

9.64. Open circuited armature coil of a D.C. 
machine is 

(a) identified by the scarring of the 
commutator segment to which open 
circuited coil is connected 

(b) indicated by a spark completely 
around the commutator 

both (a) and (6) 

( d ) none of the above 

9.65. In a D.C. machine, fractional pitch 
winding is used 

(a) to increase the generated voltage 

(b) to reduce sparking 

(c) to save the copper because of 
shorter end connections 

ict) due to (6) and (c) above 

9.66. For the parallel operation of two or 
more D.C. compound generators, we 
should ensure that 

(а) voltage of the incoming generator 
should be same as that of bus bar 

(б) polarity of incoming generator 
should be same as that of bus bar 

(c) all the series fields should be run in 
parallel by means of equilizer con¬ 
nection 

•djd) series fields of all generators should 
be either on positive side or nega¬ 
tive side of the armature 

(e) all conditions mentioned above 
should be satisfied 

9.67. D.C. series generator is used 

(a) to supply traction load 

(b) to supply industrial load at constant 
voltage 
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(eTas a booster to maintain constant 
voltage at the load end of the feeder 
(d) for none of the above purpose 

9.68. Following D.C. generator will be in a 
position to build up without any 
residual magnetism in the poles 

(a) series generator 

(b) shunt generator 

(c) compound generator 
self-excited generator 

9.69. Interpole flux should be sufficient to 

(a) neutralise the commutating self-in¬ 
duced e.m.f. 

(b) neutralise the armature reaction 
flux 

ip) neutralise both the armature reac¬ 
tion flux as well as commutating 
e.m.f. induced in the coil 

(d) perform none of the above functions 

9.70. D.C. generator generally preferred for 
charging automobile batteries is 

(a) series generator 
4b) shunt generator 

(c) long shunt compound generator 

(d) any ofthe above 

9.71. In a D.C. generator the number of 
mechanical degrees and electrical 
degrees will be the same when 

(a) r.p.m. is more than 300 

(b) r.p.m. is less than 300 

(c) number of poles is 4 
4d) number of poles is 2 

9.72. Permeance is the reciprocal of 

(a) flux density *-(&) reluctance 
(c) ampere-turns (d) resistance 

9.73. In D.C. generators the polarity of the 
interpoles 

^Jpr) is the same as that of the main pole 
ahead 

(b) is the same as that of the immedi¬ 
ately preceding pole 

(c) is opposite to that of the main pole 
ahead 

(d) is neutral as these poles do not play 
part in generating e.m.f. 

9.74. The e.m.f. generated in a D.C. gener¬ 
ator is directly proportional to 

(a) flux/pole 
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9.76. 


9.77. 


9.78. 


9.79. 


9.80. 


9.81. 


(&) speed of armature 
(c) number of poles 
J'Cff all of the above 

In a D.C. generator the magnetic 
neutral axis coincides with the geometri¬ 
cal neutral axis, when 
^f) there is no load on the generator 
(6) the generator runs on full load 
(c) the generator runs on overload 
(i d ) the generator runs on designed 
speed 

In a D.C. generator in order to reduce 
sparking at brushes, the self-induced 
e.m.f. in the coil is neutralised by all of 
the following except 
(a) interpoles ^6) dummy coils 
(c) compensating winding 
(id) shifting of axis of brushes 
In D.C. generators on no-load, the air 
gap flux distribution in space is 
(a) sinusoidal ( b ) triangular 

(c) pulsating ^d) flat topped 

A shunt generator running at 1000 
r.p.m. has generated e.m.f. as 200 V. If 
the speed increases to 1200 r.p.m., the 
generated e.m.f. will be nearly 
(a) 150 V (6) 175 V 

Jfi) 240 V (d) 290 V 

The purpose of providing dummy coils 
in a generator is 

(а) to reduce eddy current losses 

(б) to enhance flux density 
(c) to amplify voltage 

Jd) to provide mechanical balance for 
the rotor 

In a shunt generator the voltage build 
up is generally restricted by 

(а) speed limitation 

(б) armature heating 

(c) insulation restrictions 
saturation of iron 

If a D.C. generator fails to build up the 
probable cause could not be 
(a) imperfect brush contact 

field resistance less than the critical 
resistance 

(c) no residual magnetism in the gen¬ 
erator 


(d) faulty shunt connections tending to 
reduce the residual magnetism 

9.82. Flashing the field of D.C. generator 
means 

(a) neutralising residual magnetism 
creating residual magnetism by a 
D.C. source 

(c) making the magnetic losses of for¬ 
ces parallel 

(d) increasing flux density by adding 
extra turns of windings on poles 

9.83. The e.m.f. induced in the armature of a 
shunt generator is 600 V. The armature 
resistance is 0.1 ohm. If the armature 
current is 200 A, the terminal voltage 
will be 

(a) 640 V (6) 620 V 

(c) 600 V U* 5.80 V 

9.84. In a D.C. generator the critical resis¬ 
tance refers to the resistance of 

(а) brushes field 

(c) armature (d) load 

9.85. To achieve sparkless commutation 
brushes of a D.C. generator are rocked 
ahead so as to bring them 

just ahead of magnetic neutral axis 

(б) in magnetic neutral axis 

(c) just behind the magnetic neutral 
axis 

9.86. Armature coil is short-circuited by 
brushes when it lies 

Ua) along neutral axis 
(6) along field axis 

(c) in any of the above positions 

(d) in none of the above positions 

9.87. A cumulatively compounded long 
shunt generator when operating as a 
motor would be 

(a) cumulatively compounded long 
shunt 

^b) differentially compounded long 
shunt 

(c) cumulatively compounded short 
shunt 

(d) differentially compounded short 
shunt 

9.88. To avoid formation of grooves in the 
cpmmutator of a D.C. machine 
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'Jfl,) the brushes of opposite polarity 
should track each other 

(b) the brushes of same polarity should 
track each other 

(c) brush position has no effect on the 
commutator grooving 

9.89. The following constitute short-circuit 
in the armature winding. 

(а) Insulation failure between two com¬ 
mutator bars 

(б) Insulation failure between two 
turns of a coil 

(c) Two of more turns of the same coil 
getting grounded 
*id) All of the above 

9.90. The rapid wear of brushes takes place 
due to 

(а) abrasion from dust 

(б) excessive spring pressure 

(c) rough commutator bars 

(d) high mica insulation between com¬ 
mutation bars 

all of the above factors 

9.91. Number of tappings for each equilizer 
ring is equal to 

ixT) number of pole pairs 

(6) number of poles 

(c) number of parallel paths 

(c) number of commutator segments 

9.92. A D.C. generator can be considered as 

(a) rectifier (b) primemover 

■^rotating amplifier 

(d) power pump 

9.93. In any rotating machine that part which 

houses the conductors and in which 
e.m.f. induced is to be utilised is called 
(a) rotor (6) stator 

(c) field iid) armature 

9.94. In a D.C. machine stray loss is the sum 
of 

(а) total copper loss and mechanical 
loss 

(б) armature copper loss and iron loss 
(c) shunt field copper loss and mechani¬ 
cal loss 

Jd) iron loss and mechanical loss 

9.95. Lap winding is composed of 

Jfi) any even number of conductors 
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(b) any odd number of conductors 

(c) that even number which is exact 
multiple of poles + 2 

(d) that even number which is exact 
multiple of poles 

9.96. In a D.C. generator in case the resis¬ 
tance of the field winding is increased, 
then output voltage will 

(a) increase decrease 

(c) remain unaffected 
{d) fluctuate heavily 

9.97. An exciter for a turbo generator is a 
(a) separately excited generator 
d&) shunt generator 

(c) series generator 

(d) compound generator 

9.98. In case of a flat compounded generator 

(а) voltage generated is. less than the 
rated voltage 

(б) generated voltage is proportional to 
the load on the generator 

vJMl voltage remains constant irrespec¬ 
tive of the load 

(d) speed varies in proportion to the 
load on the generator 

9.99. Which of the following generator will 
have negligible terminal voltage while 
running on no-load ? 

^ Series generator 

(6) Shunt generator 

(c) Compound generator 

(< d ) Separately excited generator 

9.100. Which of the following D.C. generators 
will be in a position to build up without 
any residual magnetism in the poles ? 

(а) Series generator 

(б) Shunt generator 

(c) Compound generator 
Jjd) None of the above 

9.101. In over compounded generator, full 
load terminal voltage is 

(a) almost zero 

(b) less than no-load terminal voltage 
xj( c) more than no-load terminal voltage 

(d) equal to nodoad terminal voltage 

9.102. In a level compounded D.C. generator, 
full load terminal voltage is 

(a) negligibly low 
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*“(0) equal to no-load terminal voltage 

(c) more than no-load terminal voltage 

( d ) less than no-load terminal voltage 

3.103. The terminal voltage of a D.C. shunt 
generator drops on load because of all 
of the following reasons except 

(a) armature reaction 

(b) armature resistance drop 1 

(c) field weakening due to armature 
reaction and armature 

~td) commutation 

9.104. In a D.C. generator 

(a) external resistance = internal char¬ 
acteristic - armature reaction 

( b ) internal characteristic 

= magnetisation characteristic 

- ohmic drop 

JW external characteristic 

= magnetisation characteristic 
- ohmic drop - armature reaction 
id) magnetisation characteristic 
= external characteristic 

9.105. A sinusoidal voltage of 5 Hz is applied 
to the field of a shunt generator. The 
armature voltage wave 

(a) will be zero will be of 5 Hz 

(c) will be of 5 x N Hz 

{d) will be of ~ Hz 
5 

9.106. A 220 V D.C. generator is run at full 
speed without any excitation. The open 
circuit voltage will be 

(а) zero about 2 V 

(c) about 50 V (d) 220 V 

9.107. In a separately excited generator sup¬ 
plying rated load the armature reaction . 
^ a ) is always present 

(б) is always absent 

(c) may be sometimes present 

(d) none of the above 

9.108. If residual magnetism is present in a 
D.C. generator, the induced e.m.f. at 
zero speed will be 

te) zero ( b ) small 

(c) the same as rated voltage 
{d) high 

9.109. Armature reaction in a generator 
results in 
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demagnetisation of leading pole tip 
and magnetisation of trailing pole 
tip 

(fe) demagnetisation of trailing pole tip 
and magnetisation of leading pole 
tip 

(c) damagnetising the centre of all 
poles 

id) magnetising the centre of all poles 

9.110. Following energized winding of a D.C. 
machine should not be opened as it 
would produce high inductive voltage 
which may be dangerous to personnel 
and may cause its own insulation 
failure. 

(a) Series field 

( b ) Compensating field 

(c) Inter pole field 'td) Shunt field 

9.111. Wave winding is composed of 

(a) any even number of conductors 

(b) any odd number of conductors 
that even number which is exact 
multiple of poles + 2 

(d) that even number which is exact 
multiple of poles 

9.112. The critical resistance of the D.C. gen¬ 
erator is the resistance of 

field (6) brushes 

(c) armature (d) load 

9.113. When two D.C. series generators are 
running in parallel, an equilizer bar is 
used 

(а) to increase the speed and hence 
generated e.m.f. 

(б) to increase the series flux 

ScX so that two similar machines will 
pass approximately equal currents 
to the load 

(d) to reduce the combined effect of ar¬ 
mature reaction of both machines 

9.114. Which of the following generating 
machine will offer constant voltage on 
all loads ? 

(a) Self-excited generator 

(b) Separately excited generator 
Level compounded generator 

(d) All of the above 
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9.115. Which of the following generators will 
be preferred if they are required to be 
run in parallel ? 

<ier) Shunt generators 
(6) Series generators 
(c) Compound generators 
0 d ) None of the above 

9.116. Two generators are running in parallel. 
One of the generators may run as motor 
for which of the following reasons ? 

(а) The direction of that generator is 
reversed 

(б) The speed of that generator is in¬ 
creased 

(c) The field of that generator is 
weakened 

That generator takes large share of 
loads 

9.117. AD.C. generator works on the principle 
of 

(a) Lenz’s law ( b ) Ohm’s law 

d^-Faraday’s law of electromagnetic 
induction 

(i d ) none of the above 

9.118. A series generator can self-excite 

(a) only if the load current is zero 
only if the load current is not zero 

(c) irrespective of the value of load cur¬ 
rent 

(d) none of the above 

9.119. A shunt generator can self-excite 

only if the resistance of the field 
circuit is less than critical value 

( b ) only if the resistance of the field 
circuit is greater than critical value 

(c) irrespective of the value of the resis¬ 
tance in the field circuit 

9.120. The terminal voltage of a series gener¬ 
ator is 150 V when the load current is 
5 A. If the load current is increased to 
10 A, the terminal voltage will be 

(a) 150 V (6) less than 150 V 

<{&) greater than 150 V 

( d ) none of the above 

9.121. The open circuit voltage of a compound 
generator is 250 V. At full load the 
terminal voltage 

(a) will be less than 250 V 
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(6) will always be 250 V 
vj(e) may be greater or less than 250 V 
(d) none of the above 

9.122. Two D.C. shunt generators, each with 
armature resistance of 0.02 ohm and 
field resistance of 50 ohm run in paral¬ 
lel and supply a total current of 1000 
amperes to the load circuit. If their 
e.m.fs. are 270 V and 265 V, their bus 
bar voltage will be 

(a) 270 V 267.5 V 

(c) 265 V {d) 257.4 V 

9.123. The essential condition for parallel 

operation of two D.C. generators is that 
they have ' 

(a) same kW rating 

(b) the same operation r.p.m. 

the same drooping voltage charac¬ 
teristics 

(d) same percentage regulation 

9.124. In case of D.C. generators, the arma¬ 
ture voltage control is considered as 
suitable if the machine is driven 

(а) at constant load 

(б) at constant current 
JA> at constant torque 

(i d ) at constant VA 

9.125. When two D.C. generators are running 
in parallel an equilizer bar is used 

(а) to increase the series flux 

(б) to increase the generated e.m.f. 

(c) to reduce the combined effect of ar¬ 
mature reaction of both the machines 
so that the two identical machines 
will pass approximately equal cur¬ 
rents to the load 

9.126. With a D.C. generator which of the 
following regulation is preferred ? 

(a) 100% regulation 

(b) infinite regulation 

(c) 50% regulation 
^df) 1% regulation 

9.127. Which generator would you prefer for 
feeding long D.C. transmission lines ? 

(a) Series generator 

'(6) Shunt generator 
d» Over compound generator 

(d) Flat compound generator 
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direct current generators 

9 128. Two generators A and B running in 
parallel are supplying power to a com¬ 
mon load of 500 kW. Generator A has 
armature resistance equal to half that 
of B. Which of the following statements 
is correct ? 

(a) Both generators will share load 
equally 

(b) Generator A will take load less than 
the load taken by generator B 

(c) Generator B will take more load as 
compared to generator A 

^(S) None of the above 

9.129. In a D.C. generator the critical resis¬ 
tance can be increased by 

(а) increasing its field resistance 

(б) decreasing its field resistance 
increasing its speed 

(d) decreasing its speed 

9.130. The number of armature parallel paths 
in a two-pole D.C. generator having 
duplex lap winding is 

(a) 2 ^>) 4 

(c) 6 (d) 8 

9.131. For both lap and wave windings, there 
are as many commutator bars as the 
number of 

(а) slots 

(б) armature conductors 
de) winding elements 

(i d ) poles 

9.132. The series field of a short-shunt D.C. 
generator is excited by 

(а) external current 

(б) armature current 
, (c) shunt current 
dd) load current 

9.133. As a result of armature reaction, the 
reduction in the total mutual air gap 
flux in a D. C. generator is approximate- 

iy 

(a) 40 percent (6) 25 percent 
(c) 10 percent id) 5 percent 

9.134. Shunt generators are most suited for 
stable parallel operation because of 
their 

(a) rising voltage characteristics 
0 b ) identical voltage characteristics 


•4^) drooping voltage characteristics 
(d) linear voltage characteristics 

9.135. The main factor which leads to un¬ 
stable parallel operation of flat and 
over compounded generators is 

J&) their rising voltage characteristics 
(6) unequal number of turns in their 
series field windings 

(c) unequal speed regulation of their 
primemovers 

(d) unequal series field resistances 

9.136. If a self excited D.C. generator after 
being installed, fails to build up on its 
first trial run, the first thing to do is to 

Mcr^reverse the field connections 
(6) increase the field resistance 

(c) increase the speed of primemover 

(d) check armature insulation resis¬ 
tance 

9.137. If residual magnetism of a shunt gen¬ 
erator is destroyed accidentally, it may 
be restored by connecting its shunt field 
(a) in reverse '-ft?) to a battery 

(c) to earth (d) to an alternator 

9.138. The slight curvature at the lower end 
of the O.C.C. of a self-excited D.C. gen¬ 
erator is due to 

(а) high armature speed 

(б) high field circuit resistance 

(c) residual pole flux 
magnetic inertia 

( e ) none of the above 

9.139. Which one of the following types of gene¬ 
rators does not need equilizers for 
satisfactory parallel operation ? 

(a) Flat-compound (6) Over-compound 
i-(e)AJnder-compound 

(d) Series 

9.140. The.generator has poorest voltage 

regulation. 

(a) shunt series 

(c) compound (d) over-compound 

9.141. A simple method of increasing the volt¬ 
age of a D.C. generator is 

(а) to increase the length of the arma¬ 
ture 

(б) to decrease the length of the arma¬ 
ture 
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'fc) to increase the speed of rotation 

(d) to decrease the speed of rotation 

( e ) any of the above 

9.142. Which one of the following generators 
is used for charging the batteries ? 

^-(rz) Shunt (6) Series 

(c) Compound 

(d) Any of the above 

9.143. An external resistance added in the 
field of a D.C. shunt generator will 

'-(a) decrease the voltage of the gene* 
rator 

(6) increase the voltage of the gene¬ 
rator 

(c) increase the power delivered 

(d) increase the speed of the generator 

(e) decrease the speed of the generator 

9.144. An ideal D.C. generator has a regula¬ 
tion of 

(a) 90% ( b ) 70% 

(c) 20% dd) zero% 

9.145. Which of the following statements is 
incorrect in D.C. shunt generators 
about hysteresis loss ? 

(a) It is independent of lamination 
thickness 

ofb) It can be minimize by laminating 
the armature 

(c) It depends upon the supply fre¬ 
quency 

(d) None of the above 

9.146. A properly designed D.C. generator can 
have an overall efficiency of 

(a) 60% ( b ) 80% 

^95% (d) 100% 

9.147. In D.C. generator the change in voltage 
when the load is reduced from rated 

A. Fill in the Blanks/Say Yes’ or ‘No’: 

9.153. A dynamo is a machine which converts 
heat energy into electrical energy. 

(Yes/No) 

9.154. When a dynamo is driven mechanically 

by a prime mover it is called a gener¬ 
ator. - (Yes/No) 

9.155. A generator works on the principle of 
statically induced e.m.f. (Yes/No) 
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value to zero, expressed as a percent- j 
age of rated load voltage, is known as 1 
(a) efficiency regulation 

(c) armature reactance 

(d) loss factor 

9.148. If the no load voltage of a certain gen¬ 
erator is 210 V and the rated voltage is 
200 V, then the voltage regulation is 

(а) 2.5% dfr) 5% 

(c) 10% {d) 15% 

9.149. Which generator cannot start if there 
is no residual magnetism ? 

*(tr) Series generator 

(б) Shunt generator 

(c) Separately excited generator 

(d) All of the above 

9.150. In D.C. generators, the brushes remain 
in contact with conductors which 

(a) lie under south pole 
(h) lie under north pole 
drf) lie in the inter-polar gaps 
(d) none of the above 

9.151. When the shunt field of a compound 
generator is connected across both the 
series field and armature. Such a con¬ 
vection is known as 

(a) short shunt long shunt 

(c) cumulative compounding 

(d) differential compounding 

9.152. Drop in speed of a D.C. generator due 
to increase in load can be compensated 

by 

(a) cooling the armature 

(b) increasing the armature resistance 

(c) reducing the load voltage 

*4d) increasing the input to the prime 
mover 


9.156. In D.C. generators, the field is 

produced by the field magnets which 
are stationary. (Yes/No) 

9.157. Permanent magnets are used for large 
D.C. machines to create magnetic flux. 

(Yes/No) 

9.158. The pole shoe acts as a support to the 

field coils and . reads out the flux in 
the air gap. (Yes/No) 
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9 159. In small D.C. machines yokes are made 
of. 

9 160 . Permeability of cast steel is about twice 
of cast iron. (Yes/No) 

9.161. In small machines the poles are cast 

integral with the yoke. (Yes/No) 

9.162. The purpose of armature is to produce 

magnetic flux.. - (Yes/No) 

9'.163. The armature is made from high per¬ 
meability silicon-steel stampings. 

(Yes/No) 

9.164. The commutator is a sort of rotating 

switch placed between the armature 
and the external circuit. (Yes/No) 

9.165. Brushes are made of aluminium. 

(Yes/No) 

9.166. Number of coils arranged in coil groups 

is called the. 

9.167. Open coil winding is that winding 
which does not close on itself. 

(Yes/No) 

9.168. D.C. machines employ only open coil 

windings. (Yes/No) 

9.169. Ring type of armature winding is an 
early form of armature winding. 

(Yes/No) 

9.170. Drum winding may be either single layer 
or double layer winding. (Yes/No) 

9.171. In a lap winding there are only two 

parallel paths. (Yes/No) 

9.172. In a simplex lap winding back pitch and 
front pitch of all coils remain the same. 

(Yes/No) 

9.173. In a simplex lap winding there are as 

many parallel paths in the armature as 
the number of poles. (Yes/No) 

9.174. Wave winding is also sometimes called 
.winding. 

9.175. Simplex wave windings always have 

three parallel paths. (Yes/No) 

9.176. In simplex wave winding both the 

pitches, back pitch and front pitch must 
be even numbers. (Yes/No) 

9.177. In simplex wave winding commutator 
pitch is equal to average pitch. 

(Yes/No) 


9.178. If the duplex winding has an even num¬ 
ber of pair of poles the number of com¬ 
mutator segments and coils must be 
even irrespective of whether the 
average pitch is odd or even. (Yes/No) 

9.179. ...... coils are placed in slots to preserve 

the balance of machine but are not 
electrically connected to the rest of the 
winding. 

9.180. When the field coils are excited from a 

storage battery or from a separate D.C. 
source, the generator is called a self-ex¬ 
cited generator. (Yes/N o) 

9.181. Self-excited generators are those whose 

field coils are excited by the generator 
itself. (Yes/No) 

9.182. In a shunt generator the shunt field 
current is equal to armature current. 

(Yes/No)^ 

9.183. The action of the armature m.m.f. on 
the main m.m.f. is termed the armature 


9.184. When a machine operates at no-load, 

there exists in it only the m.m.f. of the 
main poles. Yes/No) 

9.185. The armature magnetic field demag¬ 
netises the main flux and distorts it. 

Yes/No) 

9.186. Cross-magnetising component is paral- 

lel to the main field. Yes/No) 

9.187. Demagnetising component is at right 

angles to the main field. Yes/No) 

9.188. Demagnetising ampere-turns/pole 

Zl X -f- . (Yes/No) 


9.189. 


9.190. 


9.191. 


9.192. 


Cross-magnetising ampere-turns/pole 


= Zl 


(± 

v 2 p 360 j ’ 
0 (mechanical) 


Yes/No) 


0 (electrical) 

no. of poles 


Yes/No) - 

The function of compensating winding 
is to neutralise the demagnetising ef¬ 
fect of armature reaction. Yes/No) 
The compensating winding adds con¬ 
siderably to the winding cost of the 
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machine and doubles the armature cop¬ 
per loss. (Yes/No) 

9.193. A compensating winding is used if the 

machine is subject to violent fluctua¬ 
tions in loads. (Yes/No) 

9.194. Number of armature ampere-turns/ 
pole for 

compensating winding = 0.2 x arma¬ 
ture ampere-turns/pole. (Yes/No) 

9.195. Commutation means the process of cur¬ 
rent collection by the brush or the chan¬ 
ges which take place in a coil during the 
period of short-circuit by a brush. 

(Yes/No) 

9.196. The main cause which makes the current 

reversal impossible in the specified 
period is the production of self-induced 
e.m.f. in the coil undergoing commuta¬ 
tion. (Yes/No) 

9.197. In resistance commutation method low- 
resistance copper brushes are replaced 

by comparatively high resistance. 

brushes. 

9.198. Carbon brushes have.contact resis¬ 

tance. 

9.199. The reversing e.m.f. can be produced by 
using interpoles or compoles. (Yes/No) 

9.200. Equilizer connections are mostly used 

in.winding. 

9.201. No load saturation characteristic is also 
known as open circuit characteristic. 

(Yes/No) 

9.202. Internal or total characteristic is of in¬ 
terest mainly to the designer. 

(Yes/No) 

9.203. Internal characteristic is also referred 
to as performance characteristic. 

(Yes/No) 

9.204. External characteristic gives relation 

between the terminal voltage and. 

current. 

9.205. The open circuit characteristic is ob¬ 

tained by calculating the resistance 
drop for a few values of current and 
adding this to the voltage shown by the 
external characteristic. (Yes/No) 
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9.206. The great advantage of separate excita- j 
tion over all other forms of excitation is I 
that the current is entirely independent \ 
of load current in the armature. 

(Yes/No) 

9.207. Field circuit resistance above the criti¬ 
cal field resistance will fail to produce 
build-up of voltage in the generator. 

(Yes/No) 

9.208. The term ‘voltage-regulation' is used to 

indicate the degree of change in arma¬ 
ture voltage produced by application of 
load. (Yes/No) 

9.209. A shunt generator finds application in 

electric traction where ‘dynamic braking 5 
is employed. (Yes/No) 

9.210. An overcompound generator is one 

whose terminal voltage falls with the 
application of load. (Yes/No) 

9.211. In case of compound wound generators 

the degree of compounding may be ad¬ 
justed by means of diverter which 
shunts the series field. (Yes/No) 

9.212. A flat compound generator has a load- 
voltage characteristic in which the no- 
load and full load voltages are unequal, 

(Yes/No) 

9.213. The.compound generator is defined 

as that compounding produced when 
the series field m.m.f. opposes the 
shunt field m.m.f. 

9.214. Series generators are used to charge 

batteries. (Yes/No) 

9.215. A shunt generator is used as an arc 

welding generator. (Yes/No) 

9.216. Generators are run in (parallel to en¬ 
sure continuity of service only. 

(Yes/No) 

9.217. Power sources are rarely duplicated in* 

home or automobile service, but usual¬ 
ly are in air-craft, marine, rail and in¬ 
dustrial use. (Yes/No) 

9.218. A parallel circuit is defined as one in 
which different voltage exists across 
each unit as the paralleling point. 

(Yes/No) 
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9 219* One ot the conditions of paralleling 
D.C. generators is that the polarities of 
the generators must be the same or the 
connections must be interchanged until 
they are. (Yes/No) 

9.220. The prime movers that drive the gene¬ 

rators to be paralleled should have 
similar and stable rotational speed 
char acteri sties. (Y es/N o) 

9.221. Whenever generators are in parallel 

, their + ve and - ve terminals are respec¬ 
tively connected to the + ve and - ve 
sides of the bus-bars. (Yes/No) 

0.222. Under-compounded generators (those 
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with drooping characteristic curves) 
maybe operated satisfactorily in parallel 
in exactly the same manner as shunt 
generators. ! (Yes/No) 

9.223. While operating over-compounded gen¬ 

erators in parallel an equilizer must be 
connected to the armature side of the 
series field on the side of same polarity 
for each machine. (Yes/No) 

9.224. The equilizer connection must have a 

very high resistance. (Yes/No) 

9.225. The series fields must have resistances 
directly proportional to the ratings of 
the respective generators. (Yes/No) 


ANSWERS 


(Direct Current Gerenators) 
A. Choose the Correct Answer: 


9.1. (c) 

9.2. (c) 

9.3. (d) 

9.4. (d) 

9.5. (b) 

9.6. (a) 

9.7. (c) 

9.8. (6) 

9.9. (b) 

9.10. (fe) 

9.11. (d) 

9.12. (a) 

9.13. (d) 

9.14. (6) 

9.15. (6) 

9.16. (b) 

9.17. (a) 

,9.18. ( d) 

9.19. (c) 

9.20. (6) 

9.21. (i) 

9.22. (a) 

9.23. (a) 

9.24. (b) 

9.25. (a) 

9.26. ( b) 

9.27. (d) 

9.28. (c) 

9.29. (c) 

9.30. ( b ) 

9.31. (c) 

9.32. (c) 

9.33. (c) 

9.34. (a) 

9.35. (c) 

9.36. (c) 

9.37. (c) 

9.38. (a) 

9.39. (d) 

9.40. (c) 

9.41. (d) 

9.42. (b) 

9.43. (a) 

9.44. (a) 

9.45. (c) 

9.46. (d) 

9.47. (d) 

9.48. (a) 

9.49. (d) 

9.50. (a) 

9.51. (a) 

9.52. (d) 

9.53. (c) 

9.54. (b) 

9.55. (b) 

9.56. (6) 

9.57. (6) 

9.58. (c) 

9.59. (b). 

9.60. ( d) 

9.61. (a) 

9.62. (a) 

9.63. ( d) 

9.64. (c) 

9.65. ( d ) 

9.66. (d) 

9.67. (c) 

9.68. ( d) 

9.69. (c) 

9.70. ( b ) 

9,71. {d) 

9.72. (b) 

9.73. (a) 

9.74. (d) 

9.75. (a) 

9.76. (6) 

9.77. (d) 

9.78. (c) 

9.79. (d) 

9.80. (d) 

9.81. (6) 

9.82 Ab) 

9.83. (4) 

9.84. (b) 

9.85. (a) 

9.86. (a) 

9.87. (fc) 

9.88. (a) 

9.89. (d) 

9.90. (e) 

9.91. (a) 

9.92. (c) 

9.93. id) 

9.94. (d) 

9.95. (a) 

9.96. (b) 

9.97. (6) 

9.98. (c) 

9.99. (a) 

9.100. (d) 

9.101. (c) 

9.102. (6) 

9.103 .(d) 

9.104. (c) 

9.105. (6) 

9.106. ( b) 

9.107. (a) 

9.108. (a) 

9.109. (a) 

9.110. (d) 

9.111. (c) 

9.112. (a) 

9.113. (c) 

9.114. (c) 

9.115. (a) 

9.116. ( d) 

9.117. (c) 

9.118. (6) 

9.119. (a) 

9.120. (c) 
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9.121. 

(c) 

9.122. (6) 

9.123. 

(c) ' 

9.124. (c) 

9.125. (d) 

9.126. 

id) 

9.127. (c) 

9.128. 

(d) 

9.129. (c) 

9.130. (6) 

9.131. 

(c) 

9.132. (d) 

9.133. 

(d) 

9.134. (c) 

9.135. (a) 

9.136. 

(a) 

9.137. (b) 

9.138. 

(d) 

9.139. (c) 

9.140. ( b ) 

9.141. 

(c) 

9.142. (a) 

9.143. 

(a) 

9.144. id) 

9.145. (6) 

9.146. 

(c) 

9.147. (6) 

9.148. 

(b) 

9.149. (a) 

9.150. (c) 

9.151. 

(b) 

9.152. (d) 





B. Fill 

in the Blanks/Say *Yes’ 

or ‘No’: 




9.153. 

No 


9.154. Yes 



9.155. No 

9.156. 

Yes 


9.157. No 



9.158. Yes 

9.159. 

cast iron 


9.160. Yes 



9.161. Yes 

9.162. 

No 


9.163. Yes 



9.164. Yes 

9.165. 

No 


9.166. winding 


9.167. Yes 

9.168. 

No 


9.169. Yes 



9.170. Yes 

9.171. 

No 


9.172. Yes 



9.173. Yes 

9.174. 

series 


9.175. No 



9.176. No 

9.177. 

Yes 


9.178. Yes 



9.179. Dummy 

9.180. 

No 


9.181. Yes 



9.182. No 

9.183. 

reaction 


9.184. Yes 



9.185. Yes 

9.186. 

No 


9.187. No 



9.188. No 

9.189. 

Yes 


9.190. No 



9.191. No 

9.192. 

Yes 


9.193. Yes 



9.194. No 

9.195. 

Yes 


9.196. Yes 



9.197. carbon 

9.198. 

high 


9.199. Yes 



9.200. lap 

9.201. 

Yes 


9.202. Yes 



9.203. No 

9.204. 

load 


9.205. No 



9.206. Yes 

9.207. 

Yes 


9.208. Yes 



9.209. No 

9.210. 

No 


9.211. Yes 



9.212. No 

9.213. 

differential 


9.214. No 



9.215. No 

9.216. 

No 


9.217. Yes 



9.218. No 

9.219. 

Yes 


9.220. Yes 



9.221. Yes 

9.222. 

Yes 


9.223. Yes 



9.224. No 


9.225. No. 
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10.3 



Direct Current Motor 


10.1. PRINCIPLE OF OPERATION 

The electric motor is a machine which converts electrical energy into mechanical energy . 

The principle of motor action can be stated as follows : 

u Whenever current carrying conductor is placed in a magnetic filed, it experiences a force whose 
direction is given by Fleming's left hand rule 



Fig. 10.1. The principle of motor action. Fig. 10.2. Motoring operation. 

The force (F) developed in the conductor is given by the relation, 


F = BIl newtons 

where B = flux density, T (Wb/m 2 ) 

1 = current in conductor, A 
l = exposed length of conductor, m 

For a motor : V = + I a R a ...known as voltage equation of a motor., ...(10.1) 

For a generator : E g = V + I a R a ..(10.2) 

where V = applied voltage (measurable terminal voltage) across the armature 
Efy = back or counter e.m.f. developed in the armature of the motor 
E g = generated e.m.f. developed in the generator armature 
I a R a = armature voltage drop due to a flow of armature current through an armature of a 
given resistance, R a . 


10.1 
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9.38 


QUE DEVELOPED IN A MOTOR 

9.12 T The expression for the torque developed by the motor armature may be deduced as follows : 
9 - Let T a be the torque developed in N-m by the motor 
armature running at N r.p.m. 

Power developed = work done per second 

= T a x 2 tiN watts ...(£) 

Electrical equivalent of mechanical power developed 
by the armature also 


= E}J[ a watts 

Equating (i) and (ii) t we get 

r - - ft r Ejylg 

* o x 0 q ~ “b»o or •‘a - 


..(«) 


2 a 



Also since 


E b= Bm 

6 60o 


Fig. 10.3. Production of torque in 
a D.C. motor. 


T 1 

i a X go - 60a .la 


or 


T a = f£>N-m 

2n a 


i.e., 


T a = 0.159Z<t»p . — 
a 


.(10.3) 


Note. From the above equation for torque, we find that T « <J>/ 0 
Then 

(i) In the case of shunt motors, is practically constant, 

hence T « I a 

(ii) In the case of series motors, <J> is proportional to I a (before saturation because field windings carry full 
armature current), 

T « Ia 2 . 


Shaft Torque (T s h). The torque developed by the armature is the gross torque. Whole of this 
torque is not available at the pulley, since certain percentage of torque developed by the armature 
is lost to overcome the iron and friction losses. The torque which is available for useful work is known 
as shaft torque T s h . It is so called because it is available at the shaft. The horse power obtained by 
using shaft torque is called brake horse power (B.H.P.). 


B.H.P. (metric) = 


T 8 h x 
735.5 


B.H.P. (metric) x 735.5 

2jl N 
60 


...(10.4) 


where N = speed of armature in r.p.m. 

The difference T a - T sh is known as lost torque (i.e., torque lost in iron and friction losses) 

^ irr. iron and friction losses XT 

= 0.159 x-rz-N-m. 

N 

60 
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DIRECT CURRENT MOTOR |o.3 

10.3. MECHANICAL POWER DEVELOPED BY MOTOR ARMATURE 

Refer Fig. 10.4. The voltage V applied across the mour armature has to (i) overcome back 
e m.f. Efc> & nd («) supply the armature ohmic drop I a R a . 

V = E b + I a R a 

This is known as voltage equation of a motor. 

Multiplying both sides by I a , we get 

VI a = EbI a + I a 2 R a ...(10.5) 

Here VI a = electrical input to the armature 

Ebl a = electrical equivalent of mechanical 
power P m developed in the armature 

I a 2 Ra = copper loss in the armature 

The power available at the pulley for doing useful work is somewhat less than the mechanical 
power developed by the armature. 

V 

Condition for maximum power :E b = -^ ...(10.6) 

2 


«.h 



Fig. 10.4 


10.4. SPEED OF A D.C. MOTOR 



or 


Ni " E bl x *a 


...(10.7) 


(Prior to saturation of poles : a I a .series motor) 

Speed Regulation 
It is defined as follows : 

“The change in speed when the load on the motor is reduced from rated value to zero , expressed 
as per cent of the rated load speed ” 


Percent speed regulation = 


no. load speed - full load speed 

full load speed 


10.5. MOTOR CHARACTERISTICS 

The characteristic curves of a motor are those curves which show relation between the 
following quantities : 

1 . Torque and armature current, i.e T a /I a characteristic. 

This is also known as electrical characteristic. 

2. Speed and armature current, i.e., N/I a characteristic. 

3. Speed and torque , i.e., N/T a characteristic. 

This is also known as mechanical characteristic. 

Following relations are worth keeping in mind while discussing motor characteristics. 

N °c —^ and T a « 4 )I a . 

. <j> 
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1. Torque-current characteristics 



Fig. 10.5. Torque-current char¬ 
acteristic of a shunt motor. 




teristic of a series motor. 

2. Speed-current characteristics 


Fig . 10.6. Torque-current charac- Fig. 10.7. Torque-current charac¬ 
teristic of a cumulative com¬ 
pound motor. 



characteristic of a differential 
compound motor. 



Fig. 10.9. Speed-current charac¬ 
teristic of a shunt motor. 



Fig. 10.10. Speed-current charac¬ 
teristics of a series motor. 


3. Speed-torque (or mechanical) characteristics 




Current —^ Torque -— 

Fig. 10.11. Speed-current characteristics Fig. 10.12. Speed-torque characteristics 

of compound motors. Downloaded From : ineering.net 
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direct current motor 10 5 

The main properties of individual motors , from this diagram (Fig. 10.12) may be 

summarised as under : 

1 . Shunt motor. As the load torque increases the speed falls somewhat, but the machine 

may be regared as an approximately constant speed motor. ' 

The shunt motor is used : 

— When the speed is required to remain approximately constant from no-load to full load. 

— When the load has to be driven at a number speeds, any one of which is reuired to 
remain approximately constant. 

2 . Series motor. As the load torque increases the speed falls rapidly. At low torque the 
speed becomes very high and machine tends to race. 

The series motors are used : 

— When large starting torque is required (as in traction motors). 

— When the load is subject to heavy fluctuations, and a reduced speed is desired to 
compensate for the high torque, provided that there no possibility of the machine 
‘losing ’ its load. 

3. Cumulative compound motor. In this type of motor the speed falls appreciably as 
the torque increases , but on low torques the maximum speed is limited to a safe value. These 
motors are used : 

— When a large starting torque is required but when the load may fall so low that a series 
motor would race. 

— When the load is of a fluctuating nature and a reduced speed is desirable on the heavy 
loads . 

In such a case a flywheel is usually fitted so that when speed is so reduced the kinetic energy 
stored in the flywheel at high speeds is given up to assist the motor is driving the heavy load. 

— When the supply voltage is subject to fluctuations (as in traction system). 

4. Differential compound motor. The speed at low torque is limited by the shunt 
winding, as in the cumulative compound machine. At high torques, the speed may be arranged 
to remain constant or, with a stronger series field, the speed may rise with increasing load. 

On very heavy loads the machine may tend to race. ' 

Its use is usually restricted to applications which require a constant speed. 


10.6. SUMMARY OF CHARACTERISTICS AND APPLICATIONS OF D.C. MOTORS 

The summary of characteristics and applications of D.C. motors is given in Table 10 . 1 . 
Table 10.1. Summary of Characteristics and Applications of D.C. Motors 


s. 

No. 

Type of Motor 

Characteristics 

Applications 

1. 

Separately excited D.C. 
motors: 

• Possible to obtain very ac¬ 
curate speeds. 

• Most suitable for applications 
requiring speed variation from 
very low value to high value. 

• Paper machines. 

• Steel rolling units. 

• Diesel electric propulation 
of ships. 

2. 

Shunt motors : 

(i) Constant speed: 

• Starting torque-medium, 

usually limited to 250% by a 
starting resistor but maybe 

increased ^ ’ 
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s. 

No. 

Type of Motor 

Characteristics 

Applications 


(ii) Adjustable speed : 

• Maximum operating torque 
usually limited to about 200% 
by commutation. 

• Speed control : 

— increase upto 200% speed ' 
by field control.. 

— decrease by armature 
voltage control. 

• Starting torque-medium, 

usually limited to 250% by a 
starting resistor but may be 
increased. 

• Maximum operating torque- 
usually limited to 200% by 
commutation. 

• Speed regulation - 10 to 15% 

• Speed control : 6 : 1 range by 
field control. 

Field of applications includes : 
— Lathes; 

— Centrifugal pumps; 

— Fans and blowers 
— Machine tools; 

— Wood working machines; 
— Reciprocating pumps; 

— Spinning and weaving 
machines 

— Printing presses, etc. 

• Same as above, 

For applications requiring adjus¬ 
table speeds control, either con¬ 
stant torque or constant output. 

3 . 

Series motors : 

• Variable speed. 

• Adjustable varying speed 

• Starting torque very high 
upto 500% 

• Maximum momentary operate 
ing torque upto 400%. 

• Speed regulation : Widely, 
variable, very high at no-load. 

• Speed control : By series resis-. 
tance. 

• Suitable for drives requiring 
high starting torque and 
where adjustable, varying 
speed is satisfactory. 

Fields of application include : 
— Cranes; 

— Hoists; 

— Trolley cars; 

— Conveyors; 

— Electric locomotives etc. 

* Loads must be positively con¬ 
nected , not belted. 

*To prevent overspeed, lightest 
load should not be much less than 
15 to 20% fo full-load torque. 

4 . 

Compund motors : 

(i) Cumulative compound 
wound: 

• Variable speed. 

• Adjustable varying speed. 

• Starting torque high upto 
450% depending upon the de¬ 
gree of compounding. 

• Maximum momentary operat¬ 
ing torque higher than shunt, 
motor utpo 350% 

• Speed regulation : Varying, 
depending upon degree of 
compounding, upto 25-30%. 
Speed control : Usually not 
used but may be upto 125% by 

• Suitable for drives requiring 
high starting torque and 
only fairly constant speed, 
pulsuating loads with fly¬ 
wheel action. 

Fields of application includes : 
— Shears; 

— Punches; 

— Elevators; 

— Conveyors; 

— Rolling mills; 

— Heavy planes etc. 


field control. 
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Type of Motor 

Characteristics 

Applications 


(ii) Differentially compound 

• Torque and speed almost cons¬ 

• Employed for experimental and 


wound: 

tant , 

• Tendency towards speed in¬ 
stability with a possibility of 
motor running away and 
strong possibility of motor 
starting in wrong direction. 

research work. 


10.7. STARTING OF D.C. MOTORS 


10.7.1. Need for Starters 

A motor at rest has no back or counter e.m.f. At staring therefore, the armature current 
is limited only by the resistance of the armature circuit . The armature resistance is very low, 
however, and if full voltage were impressed upon the motor terminals at stand still, the resulting 
armature current would be many times full-load value— usually sufficient to damage the 
machine. For this reason, additional resistance is introduced into the armature circuit at starting. 
As the motor gains speed, its back e.m.f. builds up and the starting resistance is cut out. 

Note. Very small D.C. motors, either shunt, series or compound wound, have sufficient armature 
resistance so that they may be started directly from the line without the use of a starting resistance and without 
injury to the motor. 

Fig, 10.13, shows the connections of a starting resistance in three types of D.C. motors : 

(a) A series motor; ( b ) A shunt motor; and 

(c) A compound motor. 

• In the case of series motor [Fig. 10.13 (a)] the armature, field and starting resistance 
are all in series. 



Fig. 10.13. Circuits incorporating starting resistance. 

• In the case of shunt motor [Fig. 10.13 (6)], it will be seen that the top end of shunt 
field is connected to the first contact on the starting resistance. This is to ensure that 
the field winding receives the full supply at the moment of switching 07i. If the fields 
were connected to the last stud of the starting resistance, then on starting, the field 
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10.8 ELECTRICAL ENGINEERING (OBJBe:inar TYPE) 

would receive only a proportion of the supply voltage , the field current would be 
correspondingly weak and the torque might be too small to start the motor against the 
friction fo the moving parts . 

• The connections for the compound motor are seen from [Fig. 10.13 (c)] to be a 
combination of those of the series and the shunt connections, 

10.7.2. Starters for Shunt and Compound Motors 

• The starters of D.C. motors are generally manufactured in convenient sizes and styles 
for use as auxiliaries with D.C. shunt and compound motors. Their primary function 
is to limit the current in the armature circuit during the starting accelerating period. 

' • The motor starters are always rated on the basis of output power and voltage of the 
motors with which they are to be used. 

• There are two standard types of motor starters for shunt and compound motors. These 
are : 

(i) Three-point type; and (ii) Four-point type. 

Three-point starters are not completely satisfactory when used with motors whose speeds 
must be controlled by inserting resistance in the shunt field circuit . However, when applications 
require little or no speed control , either may be employed. 

Three-point starter. Refer Fig. 10.14. The starter has three terminals L/F and A. The 
line terminal L must be connected to either side, positive or negative of the D.C. source on the 
main switch; the field terminal F is connected to one field terminal on the motor; the armature 
terminal A must be connected to either one of the motor armature terminals. The final connection 
must then be made from the second line terminal on the main switch to a junction of the 
remaining two armature and. field terminals of the motor. If it is desired that the speed of the 
motor is controlled, a field rheostat is added as shown in Fig. 10.13 (a). 

When the motor is at rest, the starter arm [represented by an arrow in Fig. 10.13 (a)] is 
held in the OFF position by a strong spiral spring. 

Starting of motor: 

• In order to start the motor , one hand is held on the handle of the open main switch 
while the starter arm is moved to the first stud [Figs. 10.14 (a) and (6)] with the other 

1 hand; then the main switch is closed. If all the wiring is correct and the armature is 
free to turn, the motor will start. 
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(b) 

Fig. 10.14. Three-point starter connected to a shunt motor. 

• After the armature has accelerated sufficiently on the first stud, the starter arm is 
slowly moved to studes 2, 3, 4 etc. until the arm rests firmly against the iron poles of 
the holding-coil electromagnet. The entire starting process should take from 5 to 10 
seconds. In the final position, the electromagentic pull exerted by the holding coil will 
be greater than the force exerted by the spiral spring. Should there be a power failure 
or should the field circuit be opened accidentally, the starter arm will fall back to its 
OFF position . This function of starter is particularly important because : 

(i) if the power fails and starter arm is not restored to the OFF position, the motor 
might be damaged should the power, come on again; and 

(ii) if the shunt field circuit were opened accidentally and the starter arm did not 
return to the OFF position, the motor speed might become dangerously high. 

• Often the motors are protected against overloads by thermal overload relays in which 
bimetallic is heated by motor current at approximately the same rate at which the motor 
is itself heating up. Above a certain termperature, this relay trips and opens the line 
contractor thereby isolating the motor from the supply. 

Drawback of a three-point starter. The use of a three-point starter presents a problem. 
The speed of the motor is controlled by means of the field rheostat. To increase the speed of motor 
necessitates the setting of the field rheostat to a higher resistance value. The current through 
the shunt field is reduced, and so is the current through the coil of the holding electromagnet. 
The reduced current through the coil weakens the strength of the magnet and makes susceptible 
to line-voltage variations. In the weakened condition a slight reduction in line voltage would 
further weaken the holding magnet, releasing the arm of the starter and thus disconnecting the 
motor from the line. Unscheduled stoppages of the motor make the three-point starter quite 
unpopular. 
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Four-point starter: 

• Fig. 10.15 shows a simplified diagram of a four-point, starter . 

• In this starter the drawback/disadvantage of the three-point starter is eliminated. In 
addition to the same three-points that were used with the three-point starter, the other 
side of the line, L 2 is the fourth point brought to the starter. The coil of the holding 
magnet is connected across the line when the arm is moved from the ‘off position. 
The holding magnet and starting resistors function as in the three-point starter, The 
possibility of accidentally opening the field circuit is quite remote; hence the greater 
acceptance of the four-point starter over the three-point starter. 



Fig . 10.15. Four-point starter. 

— The four-point starter provides the motor with no voltage protection . Should the power 
fail, the motor must be disconnected from the line. If not, full line voltage will be 
applied to the armature without the benefit of starting resistors when power is 
restored. The holding magnet, being connected across the line, releases the arm when 
the voltage drops below a specific value , thus protecting the motor when the power is 
restored . 

10.8. SPEED CONTROL OF D.C. MOTORS 

10.8.1, Factors Controlling the Speed 

D.C. machines are generally much more adaptable to adjustable speed service. The ready 
availability of D.C. motors to adjustment of their operating speed over wide ranges and by a 
variety of methods is one of the important reasons for the strong competitive position of D.C. 
machinery in modern industrial applications. 

The speed of a D.C. motor can be expressed by the following relationship. 

Nx — zIsBs. 
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Therefore, the speed of D.C. motor can be regulated by changing <)>, R or V t in other words, 

by 

1. Field control 2. Rheostatic control 

3. Voltage control 

1. Field control method. Field control is the most common method and forms one of 
the outstanding advantages of shunt motors. The method is, of course, also applicable to 
compound motors. Adjustment of field current and hence the flux and speed by adjustment of 
the shunt field circuit resistance or with a solid-control when the field is separately excited is 
accomplished simply, inexpensively, and without much change in motor losses. 

The speed is inversely proportional to the field current 

i.e., iV oc-^- oc~ 

If <|> 

— The lowest speed obtainable is that corresponding to maximum field current; the 
highest speed is limited electrically by the effects of armature reaction under weak - 
field conditions in causing motor instability and poor commutation. 

— Since voltage across the motor remains constant, it continues to deliver constant output. 
This characteristic makes this method suitable for fixed output loads. The performance 
curve of a D.C. motor with voltage and field control is shown in Fig. 10.16. 


— Voltage-4*—Field control - » 
control | 



Fig. 10.16. 


Shunt Motors : 

— The flux of a D.C. shunt motor can be changed by changing shunt field current ( I sh ) 
with the help of a shunt field rheostat as shown in Fig. 10.16. Since the field current 
is very small, the power wasted in the controlling resistance is very small. 

— In non-interpolar machines the speed can be increased by this method in the ratio 2 :1. 
In machines fitted with interpoles a ratio of maximum to minimum speeds of 6:1 is fairly 
common. 
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Fig. 10.11. Field rheostatic control for a D.C. shunt motor. 

Series Motors. In a series motor, variations of flux can be brought about in any one of the 
following ways : 

(i) Field divertors (ii) Armature divertor 

(Hi) Tapped field control (iv) Paralleling field coils. 

2. Rheostatic control 


— This method consists of obtaining reduced speeds by the insertion of external series 
resistance in the armature circuit. It can be used with series, shunt and compound 
motors ; for the last two types, the series resistor must be connected between the shunt 
field and the armature, not between line and the motor. 

Divertor 



Fig. 10.18. Field divertor method 
of speed control for D.C. series 
motor. 



method of speed control of D.C. 
series motor. 


for D.C. series motor. (This 
method is often employed in 

electric traction). 




Fig. 10.21. Paralleling field coils method for speed control of D.C. series motor. 

(This method is used for fan motors .) 

— It is common method of speed control for series motors and is generally analogous in action 
to wound-rotor induction motor control by series rotor resistance. 
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_ This method is used when speeds below the no-load speed is required. 

No Resistance 


Shunt 

field 



Fig. 10.22. Armature resis- 
tamce control for D.C. shunt 
motor. 


Fig. 10.23. Speed-current 
characteristic ofD.C. shunt 
motor. 


Fig. 10.24 . Use of divertor 
across the armature for speed 
control ofD.C. shunt motor. 


— This method is very wasteful, expensive and unsuitable for rapidly changing load. A more 
stable operation can be obtained by using a divertor across the armature (Fig. 10.24). 
Series motor. Armature Resistance control is the most common method employed for D.C. 
series motors (Figs. 10.25 nnd 10.26). 


Series 

field 


Control 

Resistance 


(Armature) 


L 



Fig 10.25. Armature resistance control 
for D.C. series motor. 

By increasing the resistance in series with the armature the voltage applied across the 
armature terminals can be decreased. With the reduced voltage across the armature, the speed is 
reduced. 

Since full motor current passes through the resistance, the loss of power is considerable. 
Series-parallel control: y yf 


Series- 




—HR 



inj- 

f 


-Rr 

6— - 



Fig. 10.27. Series-parallel control. ( b ) 
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— This system is widely used in electric traction. Here two or more similar mechanically- 
coupled motors are employed. 

(a) At low speeds the motors are joined in series. 

( b ) At high speeds the motors are joined in parallel. The torque is | times that produced by 
motors when in series . 

3. Voltage control. When the speed is controlled by regulating the motor terminal voltage 
while maintaining constant filed current, it is called voltage control. 


jloqd] 

Fig. 10.28. Voltage control method. Fig- 10.29. Ward-Leonard method. 

Ward-Leonard System. This method of control not only gives a wide range of operating 
speeds , but reduces to the very minimum the waste of energy that may take place at starting and 
stopping. 

Fig. 10.29shows the schematic arrangement of Ward-Leonard method. 

M = mam motor whose speed is to be controlled 

G = separately excited generator which feeds the armature of the motor M 

E = an exciter (a small shunt generator) which provides field excitation to the generator 
and motor M 

M' = driving motor—a constant speed motor which drives G and E. 

Advantages of Ward-Leonard system : 

1. A wide range of speed from standstill to high speeds in either direction. 

2. Rapid and instant reversal without excessively high armature currents. 

3. Starting without the necessity of series armature resistances. 

4. Stepless control from stand still to maximum speed in either direction. 

5. Larger units employing generator field reversal eliminate the need for heavy armature 
conductors for reversing, and at the same time prevent motor runway since the motor field is always 
excited. 

6. The method lends itself to adaptation of intermediate electronic, semi-conductor, and 
magnetic amplifiers to provide stages of amplification for an extremely large motor. Thus the power 
in the control circuit may be extremely small. 

7. Extremely good speed regulation at any speed. 

Disadvantages: 

1. High initial cost. 

2. Since the efficiency, neglecting the exciter efficiency, is essentially the product of the 
individual efficiencies of the two larger machines, the efficiency of this method is not as high as 
rheostat speed control by the field control method. 
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10.9. THYRISTOR CONTROL OF D.C. MOTORS 

10.9.1. General Aspects 

• The direct current machines, even these days when power available is A.C. and A.C. 
machines have been developed which are simpler and rugged is construction and 
cheaper in initial as well as in maintenance cost, are finding extensive use in industrial 
and traction services with large speed range, owing to the following reasons/ 
advantages: 

(i) The D.C. machines can be operated under variable or constant torque conditions, 
and in closed-loop control systems to provide accurate speed or position control. 

(ii) In most cases, the control methods are simpler and less costly than the methods 
of control of A.C. motors to provide the same performance. 

(Hi) They can be controlled easily and rapidly accelerated, decelerated or reversed. 

( iu ) They can also be operated under regenerative conditions. 

• Ample improvement in D.C. drive system took place in 1890’s when the “Ward 
Leonard Control System” was introduced. 

• With the advent of electronic control system in 1950’s a remarkable improvement in 
speed control system took place. The open-loop manual control was replaced by closed- 
loop feedback control, and this resulted in improved response and better accuracy. 
Initially, low power gas diodes and thyratrons were used to control the field current 
of the D.C. generator of the Ward-Leonard system but later high power gas diodes 
and ignitrons were developed and A.C. and D.C. convertors were used for D.C. control. 

• The field of electric power control has been revolutionised due to the advent of thyristor 
which is capable of handling large currents. Now the solid-state circuits employing 
semiconductor diodes and thristors have completely replaced thyratrons, ignitrons, 
mercury arc rectifiers, motor-generator sets etc. 

• Thyristor controlled drives employing both D . C. and A. C. motors find wide applications 
in industry as variable speed devices . 

• These days thyristors are used extensively for A.C. to D.C. conversion. 

10.9.2. Advantages of Thyristor Control overWard-Leonard System of Speed Control 

Thyristor control entails the following advantages over the Ward-Leonard system of speed 
control: 

1. Highly-reliable. 

2. Easy maintenance. 

3. Cost of installation is low. 

4. Floor-space requirement is low. 

5. Operation at a wide range of temperature. 

6. Operation accuracy is higher. 

7. Owing to smaller overall time constant of the control equipment, response is quick. 

8. Owing to absence of moving parts and PR losses operational efficiency is high. 

10.9.3. Speed Control of D.C. Motor with Thyristor 

The speed of a D.C. motor is controlled with thyristor as follows : 

(t) By adjusting the voltage applied to the armature; 

(ii) By adjusting the field current; or 

(iii) By adjusting both the voltage and the field current. 

With combined armature and field control , the speed can be controlled from zero to 
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maximum value with automatic change-over from armature control to field control and vice-versa. 

Speed from zero to rated value is obtained as usual from armature voltage control. 

Adjustable armature voltage can either be obtained from controlled rectifier circuits, often 
called the converters, or from chopper circuits, the latter are, normally employed when D.C. 
supply is easily available. 

• In controlled rectifier circuit , adjustable voltage to be applied to the D.C. motor is 
achieved by varying the phase angle at which the thyristors are fixed relative to 
the applied alternative voltage waveform. 

• In Chopper circuits, adjustable voltage to be applied to the D.C. motor is obtained 
by changing the on-to-off time ratio for which the supply voltage is applied to the 
motor. 

Instead of controlled rectifier circuits, it is possible to use an uncontrolled rectifier , which 
provides a constant direct voltage, followed by a chopper to give a variable mean direct voltage 
output. 

10.9.4. Uncontrolled Rectifiers 

When A.C. power supply is available, then, D.C. power can be supplied to D.C. motors by 
the following methods (as mentioned above): 

(i i ) By controlled rectifier circuits using thyristors, or 

(ii) By uncontrolled rectifiers (using only diodes and not thyristors), in conjunction with 
thyristor chopper circuits. 

A rectifier is a device which converts alternating voltage or current into unidirectional 
voltage or current. In a rectifier the conduction takes place in one direction only. P-N junction 
diode, which conducts when forward biased and practically does not conduct when reverse biased, 
can be used for rectification. Such rectifiers may be either half wave or full wave. 

Since undirectional voltage available from such a rectifier is of fixed value depending upon 
the magnitude of A.C. input voltage so such a rectifier is called the uncontrolled rectifier. 

10.9.5. Controlled Rectifiers 

The supply of average current to a load or motor may be controlled by the use of silicon 
controlled rectifier (SCR), which performs most the duties of a rheostat. The characteristics/ 
working of an SCR are given below : 

• An SCR is a three-terminal device used to control rather large currents to a load. An 
SCR or any power thyristor does not have the drawbacks of high power rheostats. 

• SCRs are small , inexpensive and energy efficient. 

• An SCR acts very much like a switch. 

— When it is turned-on there is a low resistance current flow path from anode to 
cathode; then it acts like a “closed switch”. 

— When it turned-off ’, no current can flow from anode to cathode, then it acts like 
an “open-switch ”. 

Because an SCR is a solid-state device, its switching action is very fast. 

The switching action of gate takes place only when : 

( i ) SCR is forward biased ( i.e anode positive with respect to cathode); 

(ii) A suitable positive voltage is applied between the gate and cathode. 

— Once the SCR has switched on it has no control on the magnitude of current flowing 
through it. The current through the SCR is entirely controlled by the external 
impedance connected in the circuit and the applied voltage. 
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— The forward current through the SCR can be reduced by reducing the votlage or by 
increasing the circuit impedance. There is, however, a minimum forward current that 
must be maintained to keep the SCR in conducting state. This is called the holding 
current rating of SCR. 

— The SCR can be switched off by reducing the forward current below the level of holding 
current which may be done either by reducing the applied voltage or by increasing the 
circuit impedance. 

— The gate can only trigger or switch on the SCR, it cannot switch off. 

• In SCRs output voltage or current can be varied by controlling the point in the input 
A.C. cycle at which thyristor is turned-on with the application of a suitable low-power 
gate pulse. Once triggered or fired into conduction, the thyristor remains in the 
conducting state for the rest of the half cycle, i.e., upto 180°. The firing angle a can be 
adjusted with the help of a control circuit. Firing delay angle and Conduction angle 
always total 180°. 

Controlled rectifiers may be either half-wave or full wave. 


10.9.6. Thyristor Choppers 


If a high-speed switch is inserted between the D.C. source and the load the fixed voltage 
of a D.C. source can be converted into an adjustable average voltage across the load. This high¬ 
speed switch is called the chopper. A chopper is a D.C. to D.C. convertor and its basic circuit is 
shown in Fig. 10.30 (a) and ( b ). 


S 




(b) Outu.pt voltage 


Fig. 10.30. (b) Voltage chopping. 


The average value of load voltage or output voltage V Q for a resistance load, 

= - = ^*T oll = fVxT 0ll 

Ion -T 1 off 1 

where V = input D.C. voltage. 

/= switching frequency. 

T = switching-on period, and 
T 0 ff~ swtiching-off period 
T = Total time period. 

From the above equation it can be concluded that following are the three ways of obtaining 
the variable mark-space ratio or time-on to time-off ratio {time ratio control TRC) for voltage ' 
control: 
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(i) By varying the duration of on-time with respect to off-time keeping the total time 
period T constant; 

(ii) By keeping the on-time constant and varying the frequency; 

( iii) By adjustment of both. 

10.9.7. Effects of Thryistor Power Supply on the D.C. Motor Performance 

The performance of a D.C. motor may be affected by the thyristor power supply as follows : 
(0 The output voltage may change very rapidly in comparison to that of a motor-generator 
set owing to the absence of field time constants associated with the generator. 

(ii) The output voltage from thyristor convertor consists of a D.C. component and A.C. 
harmonic components. Torque is developed by the D.C. component of the current whereas heating 
is developed by the r.m.s. (effective) value of current. 

(iii) In the event of thyristor fault (when operating in the invertor mode) the armature 
current may rise to an abnormally high value. 

(iv) The commutating ability is seriously affected by the presence of harmonic currents. 

(v) The other effects of thyristor supply on D.C. motor performance are : 

• Heating of interpole winding; 

• Saturation of interpole magentic circuit; 

• Transformer voltage at the brushes; 

• Increase in voltage per commutator segment. 

10.9.& Special Features of Thyristor Drive Motors 

In order to improve upon the performance of the thyristor drive D.C. motors, the following 
special features are incorporated : 

1. Large size (diameter) armatures and large size poles of reduced weight. 

2. Large size commutators to provide extra insulation to withstand larger and rapid 
voltage fluctuations. 

3. Laminated yoke as well as the main and commutating poles to reduce the eddy 
currents effect. 

4. Low inertia armature —to improve the responses. 

5. Octagonal shaped frame —to accommodate more material and eventually give a larger 
rating for the same frame sizes. 

6. Use of better class of insulations (class F materials)—to allow higher temperature rise 
and dissipate more losses from a given frame. 

7. Reduced pole arc/pole pitch ratio to reduce the ratio of commutating zone to neutral 
zone. 

8. Forced cooling by an auxiliary motor to improve cooling of the motor at reduced speeds. 
10.9.9. Types of Thyristor Drives 

The following types of thyristor drives are employed : 

1. Single phase half-wave controlled rectifier circuits for D.C. motors upto 1 kW rating. 

2. Single phase half bridge circuits for D.C. motors of 5 to 75 kW rating. 

3. Three phase full bridge circuits for D.C. motors of 5 to 75 kW rating. 

4. Three phase full bridge circuitsl for D.C. motors of 75 to 400 kW rating. 

5. Twelve pulse convertors for D.C. motors of rating exceeding 400 kW. 

For various applicatons D.C. motors require speed control in a forward direction , reverse 
direction and regenerative braking. In all thyristor drives , closed loop control is invaribly used. 
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10.10. ELECTRIC BRAKING ' 

Electric braking of motors can be broadly classified as 

1. Electro-mechanical 2. Electrical. 

10.10.1. Electro-mechanical Brakes 

Electro-mechanical or friction brakes are operated by electro-magnets or electric-operated 
thyristors. 

The disadvantage associated with electro-mechanical brakes is the sudden application of 
braking force and accompanying shock to the machine. 

10.10.2. Electric Brakes 

1. Plugging or counter current braking 

3. Regenerative braking 

10.10.2.1. Electric braking of shunt motors 

(i i) Plugging or counter current braking : 

— In this method, connection to the armature 
terminals are reversed so that motor tends to 
run in the opposite direction (Fig. 10.31). Due 
to reversal of armature connections, applied 
voltage V and E b start acting in the same 
direction around the circuit. In order to limit 
the armature current to reasonable value, it 
is necessary to insert a resistor in the circuit 
while reversing armature connection. 

— This method is commonly used in controlling : Eig. 10.31. Plugging or counter- 

(i) Printing presses (ii) Rolling mills current braking. 

(Hi) Machine tools (iv) Elevators etc. 

— As compared to rheostatic braking , plugging gives better braking torque. 

(ii) Rheostatic or dynamic braking. In this method of electric braking of shunt motors, 
the armature of the shunt motor is disconnected from the supply and is connected across a variable 
resistance R as shown in Fig. 10.32 (b). The field winding is, however, left connected across the supply 
undisturbed. The braking effect is controlled by varying the series resistance R. 


2. Rheostatic or dynamic braking 





Fig . 10.32. Rheostatic or dynamic braking. Fig. 10.33. Regenerative braking. 

(Hi) Regenerative braking. Refer Fig. 10.33. Regenerative braking method is used when 
the load on the motor has overhauling characteristic as in the lowering of the cage of a hoist or 
downgrade motion of an electric train. Regeneration place when Eb becomes greater than V. This 
happens when the overhauling load acts as a prime mover and so drives the machine as a 
generator. Consequently, direction of I a and hence of armature torque is reversed and speed falls 
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10.10.2.2. Elecric braking of series motor : 

(i) Plugging. In this method (as in the case of shunt motors) the connections of the 
armature are reversed and a variable resistance R is put in series with the armature as shown 
in Fig. 10.34. 



Fig. 10. 34. Plugging. Fig. 10J35. Rheostat braking. 

(ii) Rheostat braking. In this method of braking the motor is disconnected from the 
supply, the field connections are reversed and motor is connected in series with a variable 
resistance R as shown in Fig. 10.35. The machine, obviously, is now running as a generator. The 
field connections are reversed to make sure that current through the field winding flows in the 
same direction as before (i.e., from A to B) in order to assist residual magnetism: 

In practice, the variable resistance employed for starting purpose is itself used for braking 
purposes. 

(iii) Regenerative braking. In a series motor regenerative braking is not possible 
without modification because reversal of l a would also mean reversal of the field and hence of 

E »- 

This method, however, is used with special arrangements in traction motors. 


10.11. LOSSES AND EFFICIENCY 

The output of a generator or motor is always less than the input because some of the energy 
supplied is lost as heat. These losses raise the temperatures of the machine parts above that of 
surrounding air until such temperatures are reached that the heat losses are radiated as fast 
as they are generated. Certain of the losses depend upon the load. The temperature rise therefore 
depends upon the load also, and the maximum allowable temperature rise determines the 
maximum permissible load that the machine may carry. The limit of output occurs at the load 
for which the temperature rise becomes high enough to endanger the insulation of the windings. 

Thus the consideration of machine losses is important for the following three reasons : 

1. Losses appreciably influence the operating cost of the machine. 

2. Losses determine the heating of the machine and hence the rating or power output that 
can be obtained without undue deterioration of the insulation. 

3. The voltage drops or current components associated with supplying the losses must be 
properly accounted for in a machine representation. 

Machine efficiency is given by 

output 

Efficiency = input ...(10.8) 

which can also be expressed as 
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Efficiency = 


input - losses ^ losses 
input input 


....(10.9) 


Efficiency output + losses ...(10.10) 

10.11.1. Losses, Losses in a D.C. machine can be classified as follows : 

1. Electrical losses {copper loss ): 

(i) Armature = IaK (ii) Series field = ijR^ 

(Hi) Shunt field = VI sh (iv) Commutating field ' = 

2. Rotational losses ( stray-power loss) : 

(i) Core loss: 

(a) Hysteresis (6) Eddy currents 

(ii) Mechanical (or friction) loss : 

(a) Bearings (6) Brushes 

( c ) Windage. 

• The core losses and friction losses are supplied from the mechanical power developed 
by the machine. They are put into a single group called mechanical losses or more 
generally, stray-power losses . When a generator or motor runs at a fixed speed and 
generates a given voltage, the stray-power loss is constant regardless of the electrical 
output or input of the machine for speed and flux density are the only factors that 
influence the stray-power loss . 

• The electrical losses are supplied from the electrical power generated by or delivered 
to the machine, as the case may be. Of these, the shunt filed loss is somewhat, though 
not entirely independent of the load, while the remaining electrical losses are nearly 
proportional to the square of the load current. Fig. 10.36 shows the combined power- 
flow diagram for motor or generator action which is self-explanatory. 


Mechanical 

power 


Mechanical power converted Electrical 

to electrical power lEgl a ) power 


Mechanical power input 


Net electrical output 


rV! 


Rotational losses 

1 Mechanical losses 

2 Core losses 

Mechanical power { 
output |[ 


Electrical 
losses 


Electrical ppwer input 


ijT 

it: 


p. - v i 
r in v 1 


Electrical power converted to 
Mechanical power ( E b l Q ) 


Fig. 10.36. Combined power-flow diagram for motor or generator action. 

10.11.1.1. Copper (or electrical) losses. When an electric current of /ampere flows in 
a resistance of R ohms, heat energy is lost at the rate of PR joules/sec, and the power loss is PR 
watts. Generators and motors have one or more field circuits and an armature circuit in which 
such losses occur. All resistance losses of kind are classed as copper loss. 

(i) Armature copper loss = I^Ra . This is about 30% to 40% of total full-load losses. 
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(ii) 

(iii) 


(iv) 


(v) 


Field copper loss. This loss equals I s h*Rsh for the shunt filed winding and Ish'Rse 
for the series field winding. This loss constitutes about 30% of the total full-load losses. 
Brush contact loss. This loss is due to the resistance of brush contacts. The voltage 
drop at the brush is almost independent of I a . For carbon brushes the voltage drop is 

around 1 volt per brush. The power loss due to brush contact resistance is 2c^7 a where 
% is the voltage drop at one brush. 

Loss in commutating pole winding. This loss equals I a 2 x resistance of commu¬ 
tating pole winding. 

9 

Loss in compensating winding. This loss equals I a x resistance of compensating 
winding. 

10.11.1.2. Iron losses. Iron losses are a function of both flux and.speed. 

Hysteresis loss. The hysteresis loss P h is a measure of the electric energy required to 
overcome the retentiuity of the iron in the magnetic flux path , using watts as'unit, 

P h =K h B*fV ...(10.11) 

where V = volume of iron in dynamo subject to change of flux, 

K h = constant for the grade of iron employed, 

B = flux density raised to the Steinmetz exponent. With modern values of 
dynamo x is no longer 1.6 but closer to 2.0. This is not to imply that for a 
given volume, V y of iron the loss has increased, because K h has been 
reduced considerbly, and 
f - frequency (hz) of reversal of flux. 

Eddy current losses. These losses occur not only in the dynamo iron but in all conductive 
materials with the flux path of the rotating or varying magentic field of the dynamo. The eddy 


current loss P e , in watts is 


.( 10 . 12 ) 


t 

B 

f 

V 


P s = K e t 2 B 2 fV 

where K e = an eddy current constant for the grade of iron employed, 

thickness of the laminations of the pole core and armature, 
flux density, 

frequency (hz) of reversal of flux, and 
Volume of iron subject to change of flux. 

For a D.C. dynamo the frequency, f reversal of flux varies with speed. Thus the hysteresis 
loss varies directly with speed, whereas the eddy current loss varies as the square of speed. Both 
hysteresis loss and eddy current loss vary approximately as the square of the flux density. For 
this reason core losses are considered a function of both flux and speed. 

10.11.1.3. Mechanical (or friction) losses. When a machine is running, there are 
various frictional forces to be overcome, each of which requires a continuous expenditure of 
energy and results in heating the rubbed parts. There is friction loss in the machine bearings, 
at the surface of the commutator due to the rubbing of the brushes, and in the armature core 
due to its fanning action. These losses depend upon the speed but are independent of the load on 
the machine. They are difficult to estimate by direct calculation but may be found by 
measurement. 

10.11.2. Efficiency of D.C. Machines : 

Generator: 

1. Mechanical efficiency (q /?l ) 
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^ _ Electrical power developed by armature 
Total mechanical power input 

EJa 


B.H.P. of prime mover x 735.5 

2. Electrical efficiency (r\ e ) 

Useful electrical power output VI 
e Electical power developed E g I a 

3. Overall or commercial efficiency (jf] og = r\ m x rj^ 

Useful electrical power output 
^ 08 Total mechanical power input 

= _ VI _ 

B.H.P. of prime mover x 735.5 

The overall efficiency of generator can also be expressed as follows : 

Useful power output 


.(10.13) 


...(10.14) 


.(10.15) 


T\og = 


Useful power output + total losses 
VI 


...(10.16) 


V7 + total losses 

where E = generated e.m.f., 

V = terminal voltage, 

I = load current, and 
I a = armature current. 

For good generators the value of overall or commercial efficiency may be as high as 95%. 
Motor: 

1. Electrical efficiency (r| ) 


Mechanical power developed E^Iq 
e Total electrical power input VI 


.(10.17) 


2. Mechanical efficiency (rj m ) 

_ Useful mechanical power output 

Mechanical power developed 

_ B.H.P. of motor x 735.5 

Ebla 

3. Overall or commercial efficiency (t| o = T] ni x n e ) 

Useful mechanical power output 

Total electrical power input 

- B.H.P. of motor x 735.5 

VI 


...(10.18) 


...(10.19) 


rj o can also be expressed as follows : 

Overall efficiency of motor, 
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^ Useful power output Total power input - total losses 
Total power input Total power input 

_ VI - total losses 

VI 

where E b = back e.m.fi, 

V = supply voltage, 

I = load current, and 
I a = armature current. 

10.11.2.1. Condition for maximum efficiency. Condition for maximum efficiency for 
a D.C. generator or D.C. motor is same. For a D.C. generator the condition for maximum efficiency 
is derived as follows : 

Generator power output = VI. 

If flux and speed are constant all losses except armature copper loss are constant 
Losses = armature copper loss + constant loss 

=(/+/ sA ) 2 i^ + p c =/ 2 iii J+ p c 

[Neglecting I sh in comparison with load current i] 
where I sh is the shunt field current and P Q denotes constant losses which include iron loss, field 
winding loss and mechanical loss. 


Efficiency, - 


output _ output 


input output + losses 
VI 


W + /X + P 


...( 10 . 21 ) 


r| is maximum when 


dr\ = p _ (VI + JX + PcW ~ VI(V + 2 IRg) 
dl (VI + I 2 Pa + P C ) 2 

or P R a = P c ....(10 22) 

Hence, efficiency will be maximum when variable losses are equal to constant losses . 


Further (from eqn. 10.22) 7= I—...(10.23) 

V Ra 

Thus the efficiency increases with increase in 
load current, reaches a maximum value when load 
current equals the value given by eqn. (10.23) and 
then starts decreasing. 

Efficiency curve. The efficiency of a machine 
is different at different values of power output. As the 
output increases , the efficiency increases till it reaches 
a maximum value. As the output is further increased , 
the efficiency starts decreasing. A graph of efficiency 
vs. output is called efficiency curve. At typical 
efficiency curve is shown in Fig. 10.37. The machines 
are so designed as to give maximum efficiency at or 
near the rated output of the machine. Since the 
generators operate at a constant terminal voltage V, 
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the efficiency curve of a generator can be drawn between efficiency and load current I. 

10.12. TESTING OF D.C. MACHINES 

The following important performance tests are conducted on D.C. machines : 

1. The magnetisation or open circuit test 

2. The load characteristics 

3. The determination of efficiency curve 

4. The temperature rise test. 

The method for determining efficiency can be divided into following three methods : 

(; i ) Direct method. The direct tests can be used only on small machines. 

— If brake is to be applied to a series motor, the brake must be tight before the motor is 
started, otherwise the armature may get damaged and fly to pieces. 

(ii) Indirect method. The simplest of the indirect tests is Swinburne test. This method 
may be applied to series motors, because the speed of a series motor being very high at no-load 
it is not possible to run a series motor on no-load. 

(iii) Regenerative method. Hopkinsons test (Back to back test). It is a regenerative test. 
The power taken from the supply is that required to overcome the losses only . 

— Retardation test. This method is applicable to shunt motors and generators and is used 
for finding the stray losses. 

Field's test. This test is applicable to two similar series motors. 

WORKED EXAMPLES 


Example 10.1. A 250 VD.C. shunt motor has an armature resistance of 0.5 Q and a field 
resistance of 250 Q. When driving a constant torque load at 600 r.p.m., the motor draws 21 A. 
What will be the new speed of the motor if an additional 250 Q resistance is inserted in the field 
circuit . (GATE, 1998) 

Solution. Given : V = 250 volts; R a = 0.5 Q, R sh = 250 Q, N l = 600 r.p.m., I = 21 A 
New speed, N 2 : 


or 


or 


Shunt field current, 


7 V _ 250 _ - . 

shl Rsh 250 1 
7 al = 21-l = 20A 


Armature current, 

Back e.m.f., 

Shunt field current when an additional 250 Q resistance is inserted in the field circuit, 


E hl = V - I Q R a = 250 - 20 x 0.5 = 240 V 


Ish 2 = 


250 


250 + 250 


= 0.5 A 


Neglecting magnetic saturation, 


4*1 'X- I shl 


4 L-IshL J , T 

*2 Ish.2 and hXlsh2 


For constant load torque, T y = T 2 

Wal - 4>2^o2 
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Backe.m.f., 

Also, 


42 = 4lX^ = /alX^ L = 20xJ- = 40 A 
q>2 hh2 0.5 

^ fe 2 = 25 °- 40x0 - 5 = 230V 

N 2 __ E b 2 x <1>1 
M 4>2 

iV 2 _ 230 x / 9 fci _ 230 x 1 
600 240 I $h2 240 0.5 


or 


N 2 = 6 00x 


230 ^ 1 
240 0.5 


= 1150 r.p.m. (Ans.) 


Example 10.2. A 230 V, 1000 r.p.m. D.C. shunt motor has field resistance of 115 Q and 
armature circuit resistance of 0.5 Q. At no load, the motor runs at 1000 r.p.m. with armature 
current of 4 A and with full field flux. 

(i) For a developed torque of 80 Nm. compute armature current and speed of the motor. 

(ii) If it is desired that motor develops 8 kW at 1250 r.p.m., determine the value of external 
resistance that must be inserted in series with the field winding. Saturation and armature reaction 
are neglected . 

Solution. Given : V = 230 volts; N x (= N q) = 1000 r.p.m., I a0 = 4 A; 


(0 la; N 2 : 


R sh = 115 Q, R a = 0.5 Q, T a = 80 Nm 



230 = 2 

115 


A 


At no load: 


Also, 


or 


Now torque in Nm, 


or 


Now 

Also, 


E.=V~I R n 

o0 ao a 


80 = 


= 230 - 4 x 

0.5 = 

pfyZN 


60 a 


X 

-e- 

it 

1000 

\ a ) 

60 

_ 1 (pifZ 

\/ 0 

2n V a 

J 

_ 1.3.68 x j 



1000 


.68 


2n 


8Qx2n 

13.68 


= 36.74 A. (Ans.) 


E b =230- 36.74 x 0.5 = 211.63 V 


Ng _ Eb2 x 

M -Efcl 4*2 
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10.27 


or 


or 


_ Ei 2 

Ni ~ E bl 


No_ = N 1 xjhl 
Ebl 


['•■ 4>1 = <t>2 = <)>] 
l E bi = E b0 = 228 V; E b2 = E b = 211.63 V] 


or 


or 

or 


or 


or 


N 2 = 000x ^ 228 ~ = 928.2 r.p.m. (Ans.) 

( ii ) Additional resistance to be inserted externally : 

For 8 kW power to be developed at 1250 r.p.m. 

8000 = E b xI a 

= (V-I a R a )I a =VI a -lZR a 
8000 = 230 7 a -0.5 7 0 2 
4 2 - 4607 o + 16000 = 0 


460 ±V460 2 -4x16000 


When flux does not remain constant, we have 

N 2 __ Eb2 y 1 
N\ Ebl <t>2 

N2 __ Eb2 y Ishl 
Ni Ebl hh2 


460±3842 =379A 

2 

[Taking only - ve sign] 




211,05^1000 
228 1250 


1.48 A 


Rsh2 = 


V 

Ishl 


230 

1.48 


= 155.4 Q 


.-. Additional resistance to be inserted in series with the field winding 

= 155.4 - 115 = 40.4 Q. (Ans.) 

Example 10.3. A D.C. series motor draws a line current of 100 A from the main while 
running at 1000 r.p.m. Its armature resistance is 0.15 Cl and the field resistance is 0.1 Q. Assuming 
that the flux corresponding to a current of 25 A is 40% of that corresponding to 100 A, find the 
speed of the motor when it is drawing 25 A from 230 V supply. (GATE, 1996) 

Solution. Given : V = 230 volts; 7 X = 100 A; N x = 1000 r.p.m. 

74 = 0.15 Q; R se = 0.1 Q, I 2 = 25 A; (j) 2 = 0.4*, 
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Speed, N 2 : 

While drawing line current of 100 A, 

*6i = V-i 1 (R a + RJ 

= 230 - 100(0.15 + 0.1) = 205 V 
While drawing line current of 25 A, 

E b2 =V-I 2 (R a + RJ 

= 230 - 25 (0.15 + 0.1) = 233.75 V 


We know that, 


N2 = Eb2 x h. 

Ni E bl <J> 2 


N 2 223.75 „ <|>1 

0r 1000 205 0.4<t)i 

993 7SJ 1 

N„ = lOOOx—x-— = 2729 r.p.m. (Ans.) 

205 0.4 

Example 10.4. A 3 kW series motor runs normally at 800 r.p.m. on a 200 V supply taking 
16 when the field coils are all connected ih series . Estimate the speed and current taken by the 
motor the coils are reconnected in two parallel groups of two each in series . Load torque increases 
as square the speed. 

Assume that the flux is directly proportional to the current and ignore losses. 

Solution. Given : = 800 r.p.m., I x = I ai = 16 A 

I a 2» ^2 : 

When the coils are connected in two parallel groups, current through each is (/ a2 /2), where 
7 a2 is new armature current. 

Hence 4*2 « (I a 2 / 2) 

Now, T oc 4>/ 0 oc N 2 (Given) 

<Mai « M 2 , and 4>2 7 a2 x ^2 


^ 2 ) _ 4*2^02 
. Ni j <ta 7 al 


•••(*) 


Since losses are negligible, field coil resistance as well as armature resistance are 
negligible. It means that armature and series field voltage drops are negligible. Hence back e.m.f. 
in each case equals to supply voltage. 


_ Eb2 x 4>i 

Ni Ebi 4*2 


becomes 


N2 = $L 

Ni 4*2 


...(ii) 


From (i) and (ii), we have 
Now <|>i oc 16 and <j> 2 oc lal! 2 



4*242 

I(j2 __ 
or — — - 

CO_ 

-4 

< 4*2 J 

4*i4i 

Ia\ 

<92; 


Li- 

16 


16 
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I 323 ■ 

or - ~ 16 = 1 \ or J^ 2 = 16 x32 s = 524286 

7^ = 26.9 A 

Again from (it), we have 

N 2 = = 800x^2^ = 952 r.p.m. (Ans.) 

I a 2 26.9 

Example 10.6. A series motor runs at 1000 r.p.m. taking 90 A with 110 V. What resistance 
would be connected in parallel with field circuit to get 1500 r.p. m. speed for\ delivering same load 
torque ? Armature resistance is 0.08 Q and series field resistance is 0.06 Q. Assume magnetic circuit 
is unsaturated.r 

Solution. Given; N x = 1000 r.p.m.; I x = (= I al ) = 90 A, V = 110 volts; N 2 = 1500 r.p.m.; 

= 0.8 Q;i^ = 0.06 Q. 

Shunt resistance: 

We know that for a series motoir 

T x <| )I a 

In the first case : oc <J>/ 0 

71«<t>7 a i 2 oc 90 2 

In the second case let us take the armature current as 4 and a resistance to be connected 
across the series field (shunt resistance) to reduce the field current to KI a2 . 

TocW a *KI a2 .I a2 ocKI 2 a2 

As the load torque remains unchanged, we have 

4=4 

90 2 = KI a2 2 
v 8100 
K 'U 

N 2 _ Eb2 x 

Ni E/,i <j>2 

Eb2 = ik x h. = 1500 x KI S 2 
E bi Ni <t>i 1000 I q i 

Eb2 im x IOa2 _ 1500 X £7^ 

E b i 1000 90 1000x90 

E bl = V- 7 ol (R a + RJ = 110 - 90(0.08 + 0.06) = 97.4 V /:.^ 

E b2 = V-I a2 (R a + R S J = 110 I a2 (0.08 + . R se2 ) 

R se2 = parallel combination of field and shunt resistance 

= 0.06 K Downloaded From : www.EasyEngineering.net 
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Also, 

or 

or 

Now, 
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or 


or 


or 

or 


or 


Putting the values of E bl and E b2 in (it), we get 

110-J a2 (0.08 + 0.0610 = 1500 xRI a2 
97.4 1000x90 


10 - 7 a2 (0.08 + 0.06 K) = ■ ~'a t 150 ° x ^02 = 1.4767£7 a2 


1000x90 
•®o2 = 0.616[110 -7 a2 (0.08 + R se2 )] 
Putting the value of K from ( i), we have 


8100 


I<j2 

8100 


= 0.616 


110-/ a2 


0.08 + 0.06X 


8100 


% 


Ia2 


= 67.76-0.05 Io2~ 


299.4 


/«2 


8100 = 67.767 a - 0.05i* 8 - 299.4 


0.057 2 2 - 67.767 a + 8399.4 = 0 


. 67.76 ± V( 67.76) 2 - 4 x Q. 05x 8399.4 

02 “ ✓ 2x0.05 


/o2 = 67.76-53.96 .138 A 


0.1 


(Taking only - ve sign) 


and 

Hence shunt resistance 


7f = : 81 ?P =0.4253 


(138) 2 
*0.067f 


1-K 

0.06x0.4253 


1-0.4253 


= 0.044 Q. (Ans.) 


Rse2 Reel Rsh 
Itsh2 = KR sel = 

-“sel + As/i 


where 




l?sel + Rsh 


or KR se \ + KR, s h — i^/i 
or l?s/i(l * K ) = l£l?sei 


or 


*2^ = 
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10.31 


Example 10.6. The armature and field resistances for a 250 VD.C. shunt motor are 0.5 
Q and 250 Q respectively. When driving a load of constant torque at 600 r.p.m. t the arrmature 
current is 20 A. If it is desired to raise the speed from 600 to 800 r.p.m. t what resistance should 
be inserted in the shunt field circuit ? 

Assume that the magnetic circuit is unsaturated. 

Solution. Supply, voltage, V = 250 Volts 

R = 0.5 ohm 


Armature resistance, 
Field resistance, 
Armature current, 
Speed, 

Speed, 


R sh = 250 ohms 
4 = 20 A 
N x = 600r.p.m. 
N 2 = 800r.p,m. 


We know that, 


Resistance to be inserted in the shunt field circuit, R : 

N2 _ E b2 x <{>i 
Nl Ebl 4*2 

Since the magnetic circuit is unsaturated, 

••• 4>« Ish 

N2 _ Eb 2 y Ish\ 

Ebl hh.2 

Since torque remains constant 

4>l4l = 4*242 

_ 4>l4l - T ~ Ishl 
: — -— - 




[v T<x<kl a ] 


Now, 


I<j2 ~ , “ 2 al ; j 

?2 1 sh2 

Ishl = — = 1 A 
sni 250 


and 


r 250 

where R, is the total resistance of the shunt field circuit. 


7 a2 = 20x- 


250/7% 


= 0.087% 


E.=V-I,R = 250 - 20 x 0.5 = 240 V 

bl ol a 


Also, 

<md E b2 = V-I a2 R a ~ 250 - 0.08 R t x 0.5 = 240 - 0.04 R t 

Substituting these values in eqn. (i), we get . 

800 250-0.047% x 1 

600 240 250/7% 

4 250-0.047% 7% 


240 


250 


or 

or 

or 


7%(250 - 0.047%) = -x 240x 250 

O 

250 R t - 0.04 7? ( 2 = 80000 


0.04 7? t 2 — 250 R t + 80000 = 0 
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or 


Rt= 


250 + 


(250) -4x0,04x80000 


2x0.04 


R\ = 


250 ±222.9 27.1 


= 338.75 ohms 


0.08 0.08 

[Neglecting + ve sign] 

Additional resistance required in the shunt field circuit, 

R = 338.75 - 250 = 88.75 ohms 

Additional resistance = 88.75 ohms. (Ans.) 

Example 10.7. A 220 Vshunt motor develops a total torque of 100 N-m and takes 31A at 
600 r.p.m. The armature and shunt field resistance are 0.3 ohm and 220 ohms respectively. If' 
the speed is to be increased to 800 r.p.m. determine the percentage reduction of the field and 
additional resistance to be inserted in the field circuit. Total torque developed at 800 r.p.m. is 70 
Nm.. 

Neglect armature reaction and assume that magnetization characteristic is a straight line. 


Solution. Supply voltage, 
Armature resistance, 
Shunt field resistance, 

Tj = 100 Nm at 


V = 220 Votls 


R a = 0.3 ohm 


R sh - 220 ohms 


T 2 = 70 Nm at 


N x = 600 r.p.m. 
N 2 = 800 r.p.m. 
/j = 31A 


Load current at 600 r.p.m., 

% redution in flux : 

Addition resistance to be inserted : 

Let <j>j = flux at 600 r.p.m. (Nf) 

4»2 = flux at 800 r.p.m. (N 2 ) 


I$hl — 


V 220 


Rsh 220 


= 1A 


tji = “ tsM = 31 - 1 = 30 A 


also 


T °c<Ma 


7*2 _ 4 > 2-1q2 

71 <Wal 


Let 






Then 


Tl = x Isl 

71 '7al 


T, L 


70 30 21 


and 


J 2 =—2-X —— = -X = — 

° T, x 100 x x 


....(0 
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or 


or 


or 


But 


^62 _^2 J2 

E bl N 1 <f>l 




£ b2 = -^x;cx211 = 281.33* ....(«) 

600 

E b2 = V-I a2 R a 

281.33* = 220 - —x 0.3 = 220 - — 


10.33 


or 


or 


281.33* 2 -220x+6.3 = 0 


i.e.. 

Reduction in flux 


220 ±-/(220) 2 -4x281.33x6.3 

2x281.33 

220 ±V48400-7089.52 

* 562.66 

220±203.25 n ™ rVT , .. 

= ‘—g^ 2 ' ^ — = 0.72 [Neglecting - ve sign] 

* = 42 = 0 .72 

> 

4,2 = 0.72 4 .! 

= <(>i — 4> 2 = ^1 — 0.72 <t>! = 0.28 <j>j 


% reduction in flux = 100 = 28% 

<Pi 9i 

Hence, % reduction in flux = 28%. (Ans.) 

Since the magnetization characteristic is a straight line 


<t>2 _ 4 /i2 
4*1 Ishl 


or 


IsbS. = 0.72 

^shl 

7 sbl = 0.72 x 7 sW = 072 x 10 = 0.72 A 
If R is the additional resistance to be inserted 


Ish2 ~ 


V 

Rsh +R 


0.72 


220 

220 + 7? 


Downloaded From: www.EasyEngineering.net 











Downloaded From : www.EasyEngineering.net 


10.34 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE)| 


or 

or 


220 + R = 


220 


0.72 
R = 85.55 ohms 

Hence, additional resistance to be inserted = 85.55 ohms (Ans.) 


Example 10.8. A 4-pole series wound fan motor runs normally at 600 r.p.m., on a 250 V 
supply taking 20 A. The field coils are connected all in series . Estimate the speed and current 
taken by the motor if the coils are reconnected in two parallel groups of two in series . Assumed 
that the flux is directly proportional to the current and ignore losses . 


The load torque increases as square of the speed. 
Solution. Number of poles, p = 4 
Supply voltage, V = 250 Volts 

7 al = 20 A, N x - 600 r.p.m. 

Speed and current: 


When coils are connected in two parallel groups, current through each becomes “jp, where 

£t 

42 is the new armature current. 


Hence 

(h 2 oc 

2 


Now 

T a x <( )I a 



8 

to 

(Given) 


4 *i 4 i <xNi 2 


and 

4*242 x N 2 2 



_ <t> 2 / a2 

NJ <Mai 




Since losses are negligible, field coil resistance as well armature resistance are negligible, 
it means armature and series field voltage drops are negligible. Hence, back e.m.f., in each case 
equals the supply voltage. 


A?2 _ Eb2 y 4>i 
JVi Ebl <l>2 


iV2 = 4L 

Ni <J>2 


Putting this value in (i), we get 


f-T 

U2; 


4*242 

4*141 
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42 _ I 

w 3 


4i 1 

IfcJ . 

Now 

<|>1 oc 20 

and 

d» 2 0C -4. 

H-2 2 


42- 

f 20 


20 

^42/2 

f x3 


hi J 

[ 40 , 


20 I 

142, 


From (ii) above, we get 


I a 2 ~ 20x 40 3 

I a2 = 33.64 A. (Ans.) 


ih. = ii = - J*i = 2i Qj h 
Nl $2 Ia2 / 2 I a 2 


or 


600 


2x20 

33.64 


*. >. N 2 = 713.4 r.pm. (Ans.) 

Example 10.9. The armature resistance of a 230 V D.C. shunt motor is 0.2 ohm. It takes 
15 A at rated voltage and runs at 800 r.p.m. Calculate the value of additional resistance required 
in the armature circuit to reduce the speed to 600 r.p.m. when the load torque is independent of 
speed. 


Ignore the field current. 
Solution. Supply voltage, 
Armature resistance, 
Armature current, 

Speed, 

Speed, 


V = 230 Volts 
R & = 0.2 ohm 

4 = 4i = 15 A 

N x = 800 r.p.m. 


- 600 r.p.m. 

Addition resistance required, R : 

Backe.m.f., 

Since as per given data load torque is independent of speed and flux is constant 


E bl = V - I al R a .= 230 - 15 x 0.2 = 227 V 


Back e.m.f.. 


Using the relation, 


41 = 42= 15 A 
4*1 = 4*2 

E b2 = V- IJR a + R) = 230 - 15(0.2 + R) 

= 230-3 - 15 R = 227-151? 
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N 2 __ E b 9 
Ni " E bx 

600 = 227 -15J? 
800 


[v <J>1 = <t>2] 


227 

5J? = 227-—x227 
800 

R = 3.783 ohms 

Hence, additional resistance required = 3.783 ohms. (Ans.) 

Example 10.10. A 250 V shunt motor has an armature current of 20 A when running at 
1,000 r.p.m. against full-load torque. The armature resistance is 0.5 Q. What resistance must be 
inserted in series with the armature to reduce the speed to 500 r.p.m. at the same torque , and 
what will be the speed if the load torque is halved with this resistance in the circuit. Assume the 
flux to remain constant througout and neglect brush contact drop. 

Solution. Given: V = 250 volts; I al = 20 A; N x = 1000 r.p.m. 


or 


or 


or 

or 


R a = 

Under normal conditions: 
Armature current, 

Back e.m.f., 


0.5 Q; N 2 = 500 r.p.m. 


7 o i = 20A 

E bl = V ~ I al R a 


= 250 - 20 x 0.5 = 240 V 
Speed, N x = 1000 r.p.m. 

Let resistance R be connected in series with the armature circuit to reduce the speed to 
N 2 = 500 r.p.m. ~ 


Load torque, 
Also, 


Back e.m.f. 


We know, 


= 

Tcc$I a 

4 i 2^o2 = ‘t’lTsl 
7 o2 = / a i = 20A 
E h2 = V-I a2 (R + R a ) 


[Given] 


[v Flux <]> remains constant] 


= 250 - 20(7? + 0.5) = 240 - 207? 

500 240 - 207? 


N% _ ??b2 

Nr E bl 


or 


1000 


240 


240 - 207? = 


500x240 


1000 
R = 6 Q (Ans.) 

When load torque is halved : 

T 2 = 0.5 7\ 
^7 o2 = 0.5^7 al 


or 207? = 240- 


500x240 

1000 


= 120 


7 q2 = 0.5 7 a i = 0.5 x 2° = 10 A 


[ v 4>i = 4>2 = <t»] 
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Back e.m.f., 

Also, 


10.37 


E b2 = V-I a2 {R + R a ) 

= 250 - 10(6 + 0.5) = 185 V 


_ E b % 
M E bl 


[v Flux remains constant] 


or 


N 2 _ 185 
1000 240 


185 


N 2 = 00 °x—= 770.8 r.p.m. (Ans.) 

Example 10.11. A series motor when running at 600 r.p.m. takes a current of 25 A at 400 V 
Its armature and series field resistances are 0.2 ohm and 0.1 ohm respectively. If the speed is to 
be increased to 800 r.p. m. by increasing the supply voltage , determine the new supply voltage and 
current if the field is 

(i) Saturated (ii) Unsaturated. 

Assume that the torque varies as the^cube of the speed. 


Solution. Armature resistance, 
Series field resistance, 


R a = 0.2 ohm 
R se =0.1 ohm 
/ ol = 25 A, N x = 600r.p.m., N 2 = 800 r.p.m. 

(i) When the field is saturated : 

When the field is saturated the flux remain constant 

T oc(|>/ a 


Also 

Hence 


Back e.m.f., 


From (£)> we get 


«Ia 
TocN 3 
I a oc JV 3 


La. 

lax 


'N 2 ^ 


[Given] 


-(0 


E bl = V-IJR a + RJ 

= 400 - 25(0.2 + 0.1) = 392.5 V 


L 2 

lax 


( 800 Y 

V 6 O 0 J 


I a2 = 59.26 A 


Hence current taken by motor at 800 r.p.m. = 59.26 A. (Ans.) 

Back e.m.f. , E b2 = V- I a2 (R a + RJ = V- 59.26 (0.2 + 0.1) = V- 17.78 


Using the relation, 


N 2 _ Eb2 y 

E b x <J>2 
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800 = V- 17.78 
600 392.5 

V-17.78 = —X392.5 = 523.33 or V= 541.1 volts 
600 

Hence, supply voltage at 800 r.p.m. = 541.1 volts (Ans.) 

(0 When the field is saturated : 

When the field is unsaturated <(> oc § a 

T 0 C <|>/ 0 or T oc la 

Also t oc iV 3 


I a 2 OCN 3 



— 

Hence, current taken at 800 r.p.m. = 38.49 A (Ans.) 

Back e.m.f. E b2 = V- I a2 (R a + RJ 

= V - 38.49 (0.2 + 0.1) = V - 11.547 


Using the relation 


N 2 _ Eb2 y 4>1 
M Ebl <t*2 

800 V-11.547 „ 7 al 
600 392.5 I a2 


V - 11.547 = —x392.5= 805.724 
600 25 

i.e., V= 817.27 Volts 

Hence, supply voltage at 800 r.p.m. = 817.27 V. (Ans.) 

Example 10.12. A 220 VD.C. shunt motor takes 22 A at rated voltage and runs at 1000 
r.p.m . Its field resistance is 100 Q and armature circuit resistance is 0.1 Q. Compute the value of 
additional resistance required in the armature circuit to reduce the speed to 800 r.p.m. when (i) 
the load torque is proportional to speed (ii) the load torque varies as the square of the speed. 

(UPSC, 1993) 

Solution. Given: V = 220 votls; 1=22 A; N x = 1000 r.p.m.; R gh = 100 Q; R a = 0.1 Q, N 2 = 
800 r.p.m. 
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Under normal conditions: 


10.39 


or 

or 

or 

or 


or 


or 


Line current, 

Shunt field current, 
Armature current, 

Back e.m.f. 


I = 22 A 

T V 220 _ o o a 

'•'■'luioS A 

= 22-2.2 = 19.8 A 

E bl = V ~ I a l R a 

= 220-19.8x0.1 
= 218.02 V 
= 1000 r.p.m. 


Speed, 

Additional resistance, R: 

(i) The load torque is proportional to the speed: 

T <xN 

Ti TV, 

r 2 = 7’x^2. = 7 , 1 x-522. 
2 Ni 1000 

^2^02 = ‘t 1 ihl 

4 2 = °-8/ al 


= 0.871 


Back e.m.f 


Also, 


...[Given] 


[v Tec «(,/„] 

[■•■ <t>2 = <t>l = 4>] 


Ia2 = 0.8 x 19.8= 15.84 A 
E b 2 = V 2 -I a2 (R + R a ) 

= 220 - 15.84 (7? + 0.1) = 218.416 - 15.84 R 


_ ffi )2 

Ni E b i 

800 218.416- 15.84.ff 


[v <j) remains constant] 


1000 


218.02 


5.847? = 218.416- 


800 

1000 


x 218.02 = 44 


R = 


44 

15.84 


= 2.778 Q (Ans.) 


(ii) The load torque varies as the square of the speed. 

T <xN 2 


.[Given] 


= or T 2 = T 1 xf-^.i =0.6471 
71 Ni 2 1 llOOOj 

•^ 2 -^ 0 2 9.64 < t ) i-^] own j oac j ec [ p rom : www.EasyEngineering.net 
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or 

or 

or 


Back e.m.f., 


Also, 


4 2 = °.64/ o1 
I a2 = 0.64 x 19.8 
= 12.672 A 

E b2 =V-E a2 (R + R a ) 

= 220 - 12.672 (R + 0.1) 
= 218.733- 12.672 R 

_ Eb2 
Ni E bl 

800 218.733 - 12.672.fi! 

1000 218.02 


[••• Tcc^I a ] 


[v <(> remains constant] 


[y (|) remains constant] 


or 


12.672 R = 218.733 


800 ^ 
1000 


218.02 


= 44.317 

R= 44.317 
12.672 

= 3.479 Q. (Ans.) 

Example 10.13. A 200 VD.C . shunt motor takes 4 A at no-load when running at 700r.p.m. 
The field resistance is 100 Q. The resistance of armature at standstill gave a drop of 6 V across 
armature terminals when 10 A were passed through it. Full load power input of the motor is 8 kW. 


Calculate: 

(i) Speed on full load; 
(iii) Efficiency 

Solution. Given : 


Shunt field current, 


Armature resistance, 


On No-load : 

Armature current, 


(ii) Torque in Nm; 


V = 200 volts; I 0 = 4A; 
N 0 = 700 r.p.m.; 
* sA =100W; 

P inP ut = 8kW. 

T _ V 

sh= HT h 


= 200 
100 

voltage drop across armature terminals 
current produced 


= — = 0.6 Q. 

10 


4 Ln 
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Armature copper loss 

“ TaO Ra 

= 2 2 x 0.6 = 2.4 W 

Constant losses, 

P c = input on no-load - copper losses 

= VIq - lao'Ba 
= 200 x 4 - 2.4 

= 797.6 W 

No-load back e.m.f., 

On Full-load: 

Ebo - V - I a oPa 

= 200 - 2 x 0.6 

- 198.8 V. 

Line current 

power input 8x1000 _ 

V 200 

Armature current, 

= 40 - 2 = 38 A 

Back e.m.f., 

E b =V-I a R a 

= 200 - 38 x 0.6 = 177.2 V 

Armature copper loss 

= / 

a a 

= 38 2 x 0.6 = 866.4 W 

Total losses 

= Pc + la Ra 

= 797.6+ 866.4 = 1664W 

Motor output 

( i ) Speed on full load, N f : 

= motor input - total losses 
= 8000- 1664 

= 6336 W 




(ii) Torque, T: 


= 700x 


177.2 

198.8 


= 624 r.p.m. (Ans.) 


fp __ Ekl n 

2 n N/60 
177 2x38 

= (2nx 6 24/60) = 103 Nm * (Ans -> 

(iii) Efficiency, r| : 

output xl00 

input Downloaded From : www.EasyEngineering.net 
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= 0.792 or 79.2% (Ans.) 

8000 

Example 10.14. Hopkinson’s test was used to test two shunt motors . The supply current 
was 15 A at 200 V. The generator output current was 85 A. The field currents for motor and 
generator were 2.5 A and 3 A respectively. The armature resistance of each machine was 0.05 
ohm. Find the efficiency of each of the machines under the above loading conditions. 


Solution. Supply voltage = 200'V 

Output current of generator = 85 A 

Supply current = 15 A 

Exciting (field) current of generator = 3 A 

Exciting (field) current of motor = 2.5 A 

Armature resistance of each machine, R a = 0.05 ohm 


The motor generator set is shown in Fig. 10.38 


15A 85A 



Motor 


Motor input current 
Motor armature current 


= 85+ 15= 100 A 
= 100-2.5 = 97.5 A 


Generator armature current = 85 + 3 = 88 A 
Motor copper losses 


= armature copper loss + shunt field loss 
= (97.5) 2 x 0.05 + 200 x 2.5 = 475 + 500 = 975 W 
= 88 2 x 0.05 + 200 x 3 = 387 + 600 = 987 W 
= 975+ 987 = 1962 W 
= total losses in the set 
200 x 15 = 1962 + stray losses for the set 
Stray losses for the set =1038 W 

1038 

••• Stray losses for each machine = -^#iM8ferom : www.EasyEngineering.net 


Generator copper losses 
Copper losses for the set 
Input from supply 
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direct current motor 

Motor efficiency 
Copper losses 
Stray losses 
/. Total losses 
Motor input 
.'. Motor output 


.-. Motor efficiency, 

‘ Generator 

Copper losses 
Starylosses 
Total losses 
Generator output 
Generator input 


= 975 W 
= 519 W 
= 1494 W 

= 200 x 100 = 20000 W 
= motor input — losses 
= 20000 - 1494 = 18506 W 

_ output 18506 

m input 20000 " 0-925 or 92.5% (Ans.) 


= 987 W 
= 519 W 

= 987+ 519 = 1506 W 
= 200 x 85 = 17000 W 

= output + losses = 17000 + 1506 = 18506 W 


10 . 


/. Generator efficiency, 


_ output 17000 

g input 18506 ~ 0-918 or 91 * 8 ° /o (Ans.) 


Example 10.15. The following data was obtained in a Field’s test on two mechanically 

TamntnTnZ ( w * h their fields connected in series and with one machine running 

us a motor and the other as a generator): ® 

Motor : armature current = 35 A, armature voltage = 220 V, drop across its field 
windings-10 V ' 

Generator : armature current = 25 A, armature voltage = 160 V, drop across its field 
windings = 10 V ' 

Calculate the efficiency of each machine. 

Take-resistance of each winding = 0.4 ohm. 


Solution. The connections are shown in Fig. 10.39. 



Pi a in QQ 
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Total input “ = 220 x 35 = 7700 W ^ 

Output = 160 x 25 = 4000 W 

Total losses in the two machines 

= input - ouput = 7700 - 4000 = 3700 W 


Series field resistance, 
Total copper loss 

.*. Stray losses of the set 


—- 0.286 ohm 
35 

= (0.4 + 2 x 0.286) x 35 2 + 25 2 x 0.4 
= 1190.7 + 250= 1440.7 W 
= 3700 - 1440.7 = 2259.3 W 


Stary losses'per machine 


= 22^ 1 3 = n30W(app) 

U 


Motor efficiency: 


Motor armature input 

Armature circuit copper loss 
Stray losses 
Total losses 
Output 


= armature voltage x motor current 
= 210 x 35 = 7350 W 
= (0.4 + 0.286) x 352 = 840 W (app.) 
= 1130 W 

= 840+ 1130= 1970 W 
= 7350-1970 = 5380 W 


.'. Motor efficiency, 


Tim = HU = 0.732 or 73.2%. (Ans.) 


Generator efficiency: 

Armature copper loss 
Series copper loss 
Stray losses 
Total losses 
Output 
Input 


= 25 2 x 0.4 = 250 W 

= 10 x 35 = 350 W [or 35 2 x 0.286 = 350 W] 
= 1130 W 

= 250 + 350 + 1130 = 1730 W 
= 25 x 160 = 4000 W 

= output + losses = 4000 + 1730 = 5730 W 


.'. Generator efficiency. 


4000 

5730 


= 0.689 or 68.9%. (Ans.) 


OBJECTIVE TYPE QUESTIONS 


A. Choose the correct answer : 

10.1. No-load speed of which of the following 
motor will be highest ? 

(a) Shunt motor Series motor 

(c) Cumulative compound motor 

(d) Differentiate compound motor 


series motor can be changed by 
(a) interchanging supply terminals 
4&) interchanging field terminals 

(c) either of (a) and ( b) above 

(d) None of the above 

10.3. Which of the following application 
requires high stL ^ting torque ? 


10.2. The direction of rotation of a Downloaded Kr®)mLa^h®vi^sJzifimgineering.ne^ 
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I0.45-(A) 

(6) Centrifugal pump 
. - d&) . Locomotive 
( d ) Air blower 

10.4. If a D.C. motor is to be-selected for 
conve-y 5rgy mrhi gh motor ^would be 

I preferre8 B> ^i te ^ X 

~(a) Series^motor 

( b) Shunt motor / 

(c) Differentially compound motor 

( d ) Cumulative compound riiotor 

' -V;. 

10.5. V Which D.C. motor will be preferred. 

for machine tools ? ■ 

(a) Series motor 
■ffr) Shunt motor 
ic) Cumulative compound motor 
(d) Differential compound motor 

10.6. / Which D.C. motor will be preferred 

for constaiit speed line shafting ? 

(a) Cumulative compound motor 
; ' (fy) Differentially compound motor 
Shunt bapfor 
($) Series mbtor 

10.7. Differentially compound D.C. motors 
can find applications requiring 

(a) high starting torque 
. low starting torque 

* (c) variable speed . 

( d) frequent on-off cycles 

10.8. Which D.C. motor is preferred for 

. elevators ? 1 

(a) Shunt motof 

(b) Series motor 

(c) Differential compound motor 
Cumulative compound ihotof 

10.9. According tb Fleming’s left-hand rule, 

when the forefinger points in,:the 
direction of the field or flux, me 
middle finger will point in (the 
direction of . „ 

a ) current in the conductor 

( b ) movement of conductor 


' j . • . 

ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(c) resultant force on conductor 
(of) none of the above 

10.10. If the field of a D.tL shunt motor gets 
opened while motor is running 

(a) the speed of motor will be reduced 
i ( b ) the armature current will reduce 
1 < ^c) the motor will attain dangerously 

, high speed - - 

(d) the motor will .coiitinue to rumat 

Constant speed , < 

10.11. Starters are used with D.C. motors*' 

; because \ . . .. 

(а) these motors have high! starting 
torque 

( б ) these motors are not self-starting. 

(c) back e.m.f. ,of these motors is zero 

'initially j 

4 #)to restrict arinature current as • 
there is no pack e.m.f. while- 
starting ’ - 

10.12. In D.C. shunt motors as load is 

reduced ■" / 

(a) the speed will increase abruptly 

(b) the speed will increase in 
proportion to reduction in load 
the speed will remain almost 

/ constant _ 

(d) the speed will reduce 

10.13. A D.C. series motor is that whicb^ 

* J&) has its field winding consistihg 

of thick wire and less turns 

( b ) has a poor torque 

(c) can be started easily without load 

(d) has almost constant speed 

10.14. For starting a D.C. motor a starter is 
required because 

(a) it limits the speed of the motor 
'dfj) it limits the starting current fb a 
safe value 

(i t } it starts the jnotor 

(d) none of the above 
Downloaded From : www.EksyEngineering.net 
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10.15. The 'type of D.C. motor used for 

shears and punches is 

(a) shuht motor/ 

(b) series motor <*-- 1 

(c) differential compound D.C. motor 
*id) cumulative compound D.C. motor 

10.16. If a D.C. motor is connected across 
the A.C. supply it will 

, (a) run at normal speed 
C b ) not run 

(c) run at lower speed 
, 4d) burn due to heat produced in the 

field winding by eddy currents 

10.17. To get the speed of D.C. motor below 

the normal without wastage of 
electrical energy.is used. 

^n) Ward Leonard control 

(b) rheostatic control 

(c) any of the above method 

( d) none of the above method 

10.18. When two D.C. series motors are 
connected in parallel, the resultant 
speed is 

(a) more than the normal speed 

(b) loss than the normal speed 
^e) normal speed 

(d) zero 

10.19. The speed of a D.C. shunt motor more 
than its full-load speed can be 
obtained by 

«^z) decreasing the field current 

( b ) . increasing the field current 

(c) decreasing the armature current 

( d) increasing the armature current 

10 .20. In a D.C. shunt motor, speed is 
J<q) independent of armature current 
'(b) directly proportional to the 

armature current 

(c) proportional to the square of the 
■current 


10.45-(B) 

(d) inversely proportional to the 
armature current 

10.21. A direct on line starter is used: for 
starting motors 

dsfr) up to 5 H.P. 

(b) up to 10 H.P. 

(c) up to 15 H.P. 

(d) up to 20 H.P. 

10.22. If the speed of a D.C. shunt motor is 
increased the back e.m.f. of the motor 
will 

(a) decrease 
^ijb) increase 

(c) remain same 

(d) become zero 

10.23. What will happen if the back e.m.f. 
of a D.C. motor vanishfes suddenly? 

(a) The motor will stop 

(b) The motor will continue to run 
J/s) The armature may burn 

(d) The motor will run noisy 

10.24. In case of D.C. shunt motors the 
speed is dependent on back e.m.f. 
only because 

(a) back e.m.f. is equal to armature 
drop 

(b) armature drop is negligible 

(c) flux is proportional to armature 
current 

(d) flux is practically constant in D.C. 
shunt motors 

10.25. In a D.C. shunt motor, under the 
conditions of maximum power, the 
current in the armature will be 

(a) almost negligible 
(, b ) rated full-load current 

(c) less than full-load current 
~J^d) more than full-load current 

10.26. Which D.C. motor will have least 
percentage increase of input current, 
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\ for the same percentage increas^ in 

\ the torque? 

(a) Shunt motor 
^T'Series motor 

r.% _ ,( c) Cumulative compound motor 
■ - y ( d) Separatelyxexcited motor 

" ‘ \ 

10.27. These days D.C. motors are widely 
^ used in 

j (a) pumping sets 
(6) air compressors 
'it) electric traction 
( d) machine shops 

10.28. By looking at which part of the motor, 
it can be easily confirmed that a 

V particular motor is D.C. motor? 

■ (a) Frame 

( b ) Shafts \ . 

^t) Commutator 

(d) Stator i 

\ 

10.29. In which of the following applications 
D.C. series motor is invariably tried? 

f^a) Starter for a car 
(6) Drive foF a water pump 
(($) Fan motor 

(a) Motor operation, in A.C. or D.C. 

10.30. lxr D.C. machines fractional pitch 
windingSis used 

v - . (a) to improve cooling # 

( b ) to reduce copper losses 

(c) to increase the generated e.m.f. 

(d) to reduce the sparking 

10.31. A three point starter is considered 
suitable for 

(a) shunt motors 

shunt as well as compound 
motors 

(c) s hunt, compound and series 
motors 

^ (d) all D.C. motors 

10.32. Small D.C. motors up to 5 JPP. 
usually have 


\ 

ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

2 poles 
; . (b) 4 poles 

(c) 6 poles 

(d) 8 poles 

10.33. In case^the conditions for maximum 
power for a D.C. motor' are 
established, the I efficiency of the 
motor will be 

(a) 100% 

( b ) around 90% 

(c) anywhere between 75% and 90% 

-(d) less than 50% 

!■ 

10.34. A shearing machine has cyclic load 
consisting of intermittent light and 
henry loads. Which of the following 
D.C. motor will be suitable for this 
purpose? 

(a) Series motor 

(b) Shunt motor 
Cumulative compound motor 

(d) Differential compound motor 

10.35. The ratio of starting torque to full- 
v load tor que i s least in case of 

(a) series miptors 
~(6) shunt mdtors - 
1 (c) compound motors 

(d) none of the above 

10.36. In D.C. motor which of the following 
can sustain the maximum 
temperature rise? 

(a) Slip rings 
(i b) Commutator 
sj(c) Field winding 
(d) Armature winding 

10.37. Which of the following law/rule can 

he used to deter mine, the direction of 
rotation of D.C. motor ? \ 

(a) Lenz’s law 

(b) Faraday s law 

(c) Coloumb’s law 

D o w n 1 o F re!m 11 ^ W § w. tefs y fe n gi ne e n n^: . net 
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10.38. Which of the following load normally 
needs starting torque more than the 
rated torque? 

(a) Blowers 
s ip) Conveyors 

(c) Air compressors 

(d) Centrifugal pumps , 

10.39. The starting resistance of a D.C. 
motor is generally 

ia) low -— 

( b ) around 500 Q 

(c) 1000 Q 

(d) infinitely large 


(c) the gross power 
id) the output power available at the 
shaft > i 

10.44. In Ward Leonard method of speed | 
control of a D.C. 'motor, change'iiy j 
speed of motor is obtained by the 1 
dd) change in armature voltage of :j 
D.C. motor . j 

(b) change in the field excitation of I 

the D.C. motor * 

(c) change in armature current of ! 

D.C. motor j 

( d ) change in supply voltage 


10.40. The speed of a D.C. series motor is 

• • - / s 

(а) proportional to the armature 
current 

(б) proportional to the square of the 
armature current 

(c) proportional to field current 
J$) inversely proportional to the 

armature current 

10.41. In a D.C. series motor/if the 
armature current is redqeed by 50%, 
the torque of the motor will be equal 
to 

(а) 100% of the previous value 
(i b) 50% of the previous value 
^e) 25% of the previous value 

(d) 10% of the previous value 

(e) none of the above 

10.42. The current drawn by the armature 
of D.C. motor is directly proportional 
to 

-iet) the torque required 

(б) the speed of the motor 

(c) the voltage across the terminals 

(d) 'none of the above 

10.43. The power mentioned on the name 
plate of an electric motor indicates 
(a) the power drawn in kW 

the power drawn in kVA 


10.45. Which D.C. motor has got maximum 
self loading property? 

(a) Series motor 

( b ) Shunt motor 

(c) Cumulatively compounded 'motor 
xld) Differentially compounded motor 

10.46. Which D.C; motor will be suitable 
alongwith flywheel for intermittent 
light and heavy loads? 

\ (a) Series motor 

(6) Shunt motor 

^e) Cumulatively compounded motor 

(d) Differentially compounded motor 

10.47. If a D.C. shunt motor is working at 
no load and if shunt field circuit 
suddenly opens 

(a) nothing will happen to the motor 

(b) this will make armature to take 
heavy current, possibly burning 
it 

this will result in excessive speed, 
possibly destroying armature 
due to excessive centrifugal 
stresses 

(d) motor will run at very slow speed 

10.48. D.C. series motors are used 
(a) where load is constant 

(ft) where load changes frequently 
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(c) where constant operating speed is 
needecL 

. . 'iePjrin none of the above situations. 
10.49* For the same H.P. rating and full load 
- speed, following motor has poor start-' 
ing torque 

(a) shunt - (6) series 

'^differentially compounded 

(d) cumulatively compounded 

10.50. In case of conductively compensated 
D.C. series motors, the compensating 
winding is provided 

(a) as separately wound unit 

(b) in parallel with armature winding 
(g) in series with armature winding 
(d) in parallel with field winding 

10.51. Sparking at the commutator of a D.C. 
motor may result in 

(a) damage to commutator segments 

(b) damage to commutator insulation 

(c) increased power consumption 
^ all of the above 

10.52. Which of the following motor is 
preferred for operation in highly ex¬ 
plosive atmosphere ? 

(а) Series motor 

(б) Shunt motor 
dp) Air motor 

(d) Battery operated motor 

10.53. If the supply voltage for a D.C. motor is 
increased, which of the following will 
decrease ? 

(а) Starting torque 

(б) Operating speed 
Full-load current 

(d) All of the above 

10.54. When the speed of a D.C. motor in¬ 
creases 

'-fe) back e.m.f. increases and current 
drawn decreases 

(6) back e.m.f. as well as current drawn 
both increase 

(c) back e.m.f. as well as current drawn 
both decrease 

(d) back e.m.f. decreases and current 
drawn increases 

10.55. As compared to an induction motor, the 
air gap in a D.C. motor is 


(a) less than 50% 

(b) between 50% and 90% 

(c) same ^d) more 

10.56. Field winding of a D.C. series motor is 
usually provided with thick wire 

(a) to provide large flux 

(b) to reduce the use of insulating 
materials 

as it carries large load current 

(d) in order to reduce eddy current 

10.57. Which one of the following is not the 
function of pole shoes in a D.C. 
machine ? 

dfr) To reduce eddy current los: 

(6) To support the field coils 

(c) To spread out flux for bettei* unifor¬ 
mity 

(d) To reduce the reluctance of the mag¬ 
netic path 

10.58. The mechanical power developed by a 
shunt motor will be maximum when 
the ratio of back e.m.f. to applied volt¬ 
age is 

(a) 4.0 (6) 2.0 

(c) 1.0 ^)0.5 

10.59. The condition for maximum power in 
case of D.C. motor is 

(a) back e.m.f. = 2 x supply voltage 

\itX back e.m.f. = | x supply voltage 

(c) supply voltage = | x back e.m.f. 

(i d) supply voltage = back e.m.f. 

10.60. For which of the following applications 
a D.C. motor is preferred over an A.C. 
motor ? 

(a) Low speed operation 

(b) High speed operation 

*Tc) Variable speed operation 

(d) Fixed speed operation 

10.61. In D.C. machines the residual mag¬ 
netism is of the order of 

2 to 3 per cent 

( b ) 10 to 15 per cent 

(c) 20 to 25 per cent 
{d) 50 to 75 per cent 

10.62. If T a be the torque and I a the armature 
current for a D.C. motor, then which oi 
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the following relation is valid before 

ia) 

saturation ? 



(d) Ta a la 

ib) Ta OC ~ 

ia 

(b) 

T a * la 2 

0 d) T a a 

(Iaf 

(c) 

10.63. Which D.C. motor is generally preferred 

for cranes and hoists ? 


’-fzr) Series motor 

(6) Shunt motor 


(c) Cumulatively compounded motor 

id) 


(i d ) Differentially compounded motor 

10.64. Three point starter can be used for 

(а) series motor only 

(б) shunt motor only 

(c) compound motor only 
^id) both shunt and compound motor 

10.65. Sparking, is discouraged in a D.C. motor 
because 

(a) it increases the input power con¬ 
sumption 

commutator gets damaged 

(c) both (a) and (6) 

(d) none of the above 

10.66. Speed control by Ward Leonard method 
gives uniform speed variation 

(a) in one direction 
'&) in both directions 

(c) below normal speed only 

(d) above normal speed only 

10.67. Flywheel is used with D.C. compound 
motor to reduce the peak demand by 
the motor, compound motor will have 
to be 

(а) level compounded 

(б) under compounded 

4e) cumulatively compounded 
id) differentially compounded 

10.68. Following motor is used where high 
starting torque and wide speed range 
control is required. 

(а) Single phase capacitor start 

(б) Induction motor 
(c) Synchronous motor 

Jd) D.C. motor 

(e) None of the above 


10.69. In a differentially compounded D.C. 
motor, if shunt field suddenly opens 

Downloaded 


run in opposite direction as series 
motor 

the motor will work as series motor 
and run at slow speed in the same 
direction 

the motor will work as series motor 
and run at high speed in the same 
direction 

the motor will not work and come to 
stop 

10.70. Which of the following motor has the 
poorest speed regulation ? 

(а) Shunt motor Series motor 
(c) Differential compound motor 

0 d ) Cumulative compound motor 

10.71. Buses, trains, trolleys, hoists, cranes 
require high starting torque and there¬ 
fore make use of 

D.C. series motor 

(б) D.C. shunt motor 
(c) induction motor 
{d) all of above motors 

10.72. As The load is increased the speed of 
D.C. shunt motor will 

reduce slightly 
(6) increase slightly 

(c) increase proportionately 

(d) remains unchanged 

10.73. The armature torque of the D.C. shunt 
motor is proportional to 

(a) field flux only 

armature current only 
(c) both (a) and (6) 

0 d ) none of the above 

10.74. Which of the following method of speed 
control of D.C. machine will offer min¬ 
imum efficiency ? 

(а) Voltage control method 

(б) Field control method 
Ue) Armature control method 

(< d ) All above methods 

10.75. Usually wide and sensitive speed con¬ 
trol is desired in case of 

(а) centrifugal pumps 

(б) elevators 

(c) steel rolling mills 


^ - id ) col lierwwinders 
From : wwwE 


asy Engineering .net 




Downloaded From : www.EasyEngineering.net 


DIRECT CURRENT MOTOR 

10.76* The speed of a motor falls from 1100 
r.p.m. at no-load to 1050r.p.m. at rated 
load. The speed regulation of the motor 

is * ’ 

(а) 2.36% 4.76% 

(c) 6.77% (d) 8:84% 

10.77* The armature voltage control of D.C. 
motoFpPDvides 
fa^onstant torque drive 

( б ) constant voltage drive 

(c) constant current drive 

(d) none of the above 

10.78. The speed regulation of a D.C. motor is 

lowest speed 
; highest speed 

^ highest speed - lowest speed 

average speed 

, v no-load speed - full-load speed 
full-load speed 

^ no-load speed - full-load speed 

no-load speed 

10.79. As there is no back e.m.f. at the instant 
of starting a D.C. motor, in order to 
prevent a heavy current from flowing 
though the armature circuit 

( 0)7 a resistance is connected in series 
with armature 

( 6 ) a resistance is connected parallel to 
the armature 

(c) armature is temporarily open cir¬ 
cuited 

(d) a high value resistor is connected 
across the field winding 

10.80. The speed of a D.C. shunt motor can be 
increased by 

(a) increasing the resistance in arma¬ 
ture circuit 

increasing the resistance in field 
circuit 

(c) reducing the resistance in the field 
circuit 

(gO reducing the resistance in the ar¬ 
mature circuit 

10.81. If I a be the armature current, then 
speed of a D.C. shunt motor is 

itf) independent of I a 
(h) proportional to I a 


10.47 

(c) varies as (I a ) 2 

(d) varies as -i- 

la 

10.82. In case the back e.m.f. and the speed of 
a D.C. motor are doubled, the torque 
developed by the motor will 

4 ®) remain unchanged 
(6) reduce to one-fourth value 

(c) increase four folds 

(d) be doubled 

10.83. At the instant of starting when a D.C. 
motor is put on supply, it behaves like 
(a) a highly resistive circuit 

v—(6) a low resistance circuit 

(c) a capacitive circuit 

(d) none of the above 

10.84. The speed of a D.C. motor can be varied 
by varying 

(а) field current (6) applied voltage 
(c) resistance in series with armature 

any of the above 

10.85. Which one of the following is not neces¬ 
sarily the advantage of D.C. motors 
over A.C. motors ? 

—Low cost 

(б) Wide speed range 

(c) Stability 

(d) High starting torque 

10.86. For a D.C. shunt motor if the excitation 
is changed 

(a) torque will remain constant 
jXh) torque will change but power will 
remain constant 

(c) torque and power both will change 

(d) torque, power and speed, all will 
change 

10.87. Which motor has the poorest speed con¬ 
trol ? 

(а) Differentially compounded motor 

(б) Cumulatively compounded motor 

(c) Shunt motor Series motor 

10.88. The plugging gives the 

(а) zero torque braking 

(б) smallest torque braking 
highest torque braking 

(d) none of the above 

10.89. The armature voltage control of D.C. 
motor provides 
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(а) constant voltage drive 

(б) constant current drive 
4e) constant torque drive 
id) none of the above 

10.90. If a D.C. motor designed for 40°C am¬ 
bient temperature is to be used for 50° C 
ambient temperature, then the motor 
(a) of lower H.P. should be selected 
ib) of higher H.P. should be selected 
(e) can be used for 50°C ambient 

temperature also 

to be derated by a factor recom¬ 
mended by manufacturer and select 
the next higher H.P. motor 

10.91. If the terminals of armature of D.C. 
motor are interchanged, this action will 
offer following kind of braking 

(a) regenerative id) plugging 
(c) dynamic braking 
id) none of the above 
(e) any of the above 

10.92. Which of the following motors one will 
choose to drive the rotary compressor ? 
(a) D.C. shunt motor 

ib) D.C. series motor 
(c) Universal motor 
^id) Synchronous motor 

10.93. If the speed of a D.C. shunt motor is 
increased, the back e.m.f. of the motor 
will 

increase ( b) decrease 

(c) remain same (d) become zero 

10.94. Why are the D.C. motors preferred for 
traction applications ? 

(a) Torque and speed are inversely 
proportional to armature current 

(b) Torque is proportional to armature 
current 

(c) Torque is proportional to square 
root of armature current 

Sd) The speed is inversely proportional 
to the torque and the torque is 
proportional to square of armature 
current 

10.95. Which of the following motors have 
almost constant speed over their full 
load range ? 

(а) A.C. series motors 

(б) D.C. series motors 


(c) D.C. shunt motors 

(d) Low resistance squirrel cage motors? 
He) Both (c) and id) 

10.96. Which of the following motors is usually 
used in house-hold refrigerators ? 

(а) D.C. shunt motor 

(б) D.C. series motor 

<(e)~Single phase induction motor (split 
phase start or induction run motor) 
id) Reluctance motor 

(e) Synchronous motor 

10.97. Which of the following motors is most 
suitable for signaling devices and 
many kinds of timers ? 

(a) D.C. shunt motor 
ib) D.C. series motor 
(c) Induction motor 
'id) Reluctance motor 

10.98. Which motor should not be started on 
no-load ? 

id) Series motor ( b) Shunt motor 
(c) Cumulatively compounded motor 
id) Differentially compounded motor 

10.99. Ward-Leonard control is basically a 
JoCt voltage control method 

ib ) field divertor method 

(c) field control method 

id) armature resistance control method 

10.100. For constant torque drive which speed 
control method is preferred ? 

(a) Field control 
J&) Armature voltage control 
(c) Shunt armature control 
id) Mechanical loading system 

10.101. In Ward-Leonard control the lower 
limit of speed is imposed by 
(ahresidual magnetism of the gener¬ 
ator 

ib) core losses of motor 
(c) mechanical losses of motor and gen¬ 
erator together 
id) all of the above 

10.102. The main disadvantage of the Ward- 
Leonard control method is 

(a) high initial cost 
ib) high maintenance cost 
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Which of the following can be used to 
control the speed of a D.C. motor ? 

(a) Thermistor Thyristor 

(c) Thyratron (< d) Transistor 

The losses occurring in a D.C. generator 
are given below. Which loss is likely to 
have the least proportion ? 

(a) Magnetic losses 

(b) Armature copper losses . 

:4a) Mechanical losses 

(d) Field copper losses 
The hysteresis loss in a D.C. machine 
least depends on 

(a) Frequency of magnetic reversals 

( b ) Maximum value of flux density 

(c) Volume and grade of iron 
r id) Rate of flow of ventilating air 

In a D.C. generator all of the following 
could be the effects of iron losses except 

(a) Loss of efficiency 

(b) Excessive heating of core 
4o) Increase in terminal voltage 
id) Rise in temperature of ventilating 

air 

The losses occurring in a D.C. generator 
are given below./ Which loss is likely to 
have highest proportion at rated load of 
the generator ? 

(а) hysteresis loss 

(б) field copper loss 
4c) armature copper loss 
id) eddy current loss 
Iff be the thickness of the laminations, 
then eddy current loss in a generator 
will vary as 

(o) 7 $4 

t tr 

(O t t 2 

Which of the following loss in a D.C. 
generator varies significantly with the 
load current ? 

(a) Field copper loss 

(b) Windage loss 
1&) Armature copper loss 
id) None of the above 
If /f rniJX is the maximum flux density, 
then eddy current loss will vary as 
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(a) Umax 

max) 2 

(C)(B max) 1 ' 2 4*)(Bmax) 2 ' 4 

10.111. The hysteresis loss in a D.C. generator 
varies with the frequency of magnetic 
reversals as 

(a)i 0(6)/ 

(c)/ 1 - 6 (< i)f 

10.112. Which of the following methods of brak¬ 
ing is used in rolling mills ? 

(a) Dynamic braking 
4b) Plugging 

(c) Regenerative braking 
(cf) Mechanical brakes 

10.113. Regenerative method of braking is 
based on that 

(а) back e.m.f. is less than the applied 
voltage 

(б) back e.m.f. is equal to the applied 
voltage 

back e.m.f. of rotor is more than the 
applied voltage 
id) none of the above 

10.114. The retardation test is applicable to 
shunt motors and generators and is 
used to find 

(a) the copper losses 
46) the stray losses 
- (c) the friction losses 

(d) the eddy current losses 

10.115. Four point starter in the D.C. motor is 
used 

(a) to decrease the field current 

(b) to increase the field current 

vie) not to effect the current passing 
through ‘j Hold on y coil even if any 
change in the field current takes 
place 

(d) all of the above 

(e) none of the above 

10.116. Which of the following motor is used in 
the locomotives motor drives ? 

'-4d) D.C. series motor 
(6) A.C. series motor 

(c) Synchronous motor 

(d) Induction motor 
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10.117. In hazardous area of gassy mines, 
material transportation is done by 
vehicles powered by 

(a) A.C. mains (6) D.C. mains 

(c) I.C. engines id) batteries 

10.118. Compensating winding in a D.C. 
machine is placed 

4tr) on yoke in the pole faces 

(b) on yoke in the interpolar gap 

(c) on armature 

(d) none of the above 

10.119. D.C. series machine has field consist¬ 
ing of 

(а) many number of turns of thick wire 

(б) many number of turns of thin wire 
WT few number of turns of thick wire 

(d) few number of turns of thin wire 

10.120. Torque developed by a D.C. motor 
depends upon 

(a) magnetic field 

(b) active length of the conductor 

(c) current flow through the conductors 
id) number of conductors 

(e) radius of armature 
all above factors 

10.121. D.C. shunt motors are used for driving 

(а) trains ( b ) cranes 

(c) hoists \id) machine tools 

10.122. In a manual shunt motor starter 
*Ja)-over load relay is connected in series 

and no volt relay in parallel with the 
load 

(б) over load relay is connected in paral¬ 
lel and no volt relay in series with 
the load 

(c) over load relay and no volt relay are 
both connected in series with the 
load 

(d) over load relay and no volt relay are 
both connected in parallel with the 
load 

10.123. Which of the following steps is likely to 
result in reduction of hysteresis loss in 
a D.C. generator ? 

(a) Providing laminations in armature 
core 

(b) Providing laitiinations in stator 
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(c) Using non-magnetic material for 
frame 

yJd) Using material of low hysteresis co¬ 
efficient for armature core material 

10.124. Which loss in a D.C. generator varies 
with load ? 

Copper loss 

( b ) Eddy current loss 

(c) Hysteresis loss (d) Windage loss 

10.125. Which loss in a D.C. generator does not 
vary with load as well as flux density ? 

(a) Copper loss 

(b) Eddy current loss 

(c) Hysteresis loss 
jd) Windage loss 

10.126. Which of the following loss in a D.C. 
generator is dissipated in the form of 
heat ? 

(a) Mechanical loss 
(i b ) Core loss 

(c) Copper loss W All of the above 

10.127. Which of the following losses are sig 
nificantly reduced by laminating the 
core of a D.C. generator ? 

(a) Hysteresis losses 
db) Eddy current losses 

(c) Copper losses 

(d) Windage losses 

10.128. The total losses in a well designed D.C. 
generator of 10 kW will be nearly 

(a) 100 W 500 W 

(c) 1000 W (d) 1500 W 

10.129. The condition for maximum efficiency 
for a D.C. generator is 

(a) eddy current losses = stray losses 

(b) hysteresis losses = eddy current los¬ 
ses 

(c) copper losses = 0 

dd) variable losses = constant losses 

10.130. D.C. generators are normally designed 
for maximum efficiency around 

da) full-load (b) rated r.p.m. 

(c) rated voltage (d) all of the above 

10.131. In a D.C. generator, the iron losses 
mainly take place in 

(a) yoke (5) commutator 

(c) armature conductors 
>d>armature rotor 
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10.132- D.C. generators are installed near the 
load centres to reduce 

(a) iron losses <&Mine losses 

(c) sparking (d) corona losses 

10.133- The purpose of retardation test on D.C. 
shunt machines is to find out 

-d8) stray losses 

(b) eddy current losses 

(c) field copper losses 
(i d ) windage losses 

10.134. Which of the following tests will be 
suitable for testing two similar D.C. 
series motors of large capacity ? 

(a) Swinburne’s test 

(b) Hopkinson’s test 

~0c) Field test (d) Brake test 

10.135. Hopkinson’s test on D.C. machines is 
conducted at 

(a) no-load (b). part load 

*-<5) full-load (d) overload 

10.136. During rheostat braking of D.C. series 
motors 

d&d motor is run as a generator 

( b ) motor is reversed in direction 

(c) motor is run at reduced speed 

10.137. For which types of D.C. motor, dynamic 
braking is generally used ? 

(а) Shunt motors ( b) Series motors 

(c) Compound motors 

\Jg) All of the above 

10.138. During rheostatic braking the braking 
torque is proportional to 

d&) speed (6) (speed) 2 

(c) (speed)" 1 ( d ) (speed)“ 2 

10.139. Which method of braking is generally 
used in elevators ? 

Plugging 

(б) Regenerative braking 

(c) Rheostatic braking 

(d) None of the above 

10.140. In variable speed motor 

(a) a stronger commutating field is 
needed at low speed than at high 
speed 

d?b) a weaker commutating field is 
needed at low speed than at high 
speed 
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(c) same commutating field is needed 
at low speed than at high speed 

(d) none of the above is correct 

10.141. When the armature of a D.C. motor 
rotates, e.m.f. induced is 

(a) self-induced e.m.f. 

(b) mutually induced e.m.f. 

Us) back e.m.f. 

(d) none of the above 

10.142. Where D.C. motor of H.P. 12 or more 
requires frequent starting, stopping, 
reversing and speed control 

UeO drum type controller is used 

(b) three point starter is used 

(c) four point starter is used 

(d) all above can be used 

10.143. If a D.C. shunt motor is working at full 
load and if shunt field circuit suddenly 
opens 

<a) this will make armature to take 
heavy current, possibly burning it 
(6) this will result in excessive speed, 
possibly destroying armature due 
to excessive centrifugal stresses 

(c) nothing will happen to motor 

(d) motor will come to stop 

10.144. D.C. motor is to drive a load which has 
certain minimum value for most of the 
time and some peak value for short 
duration. We will select the 

Uo) series motor ( b ) shunt motor 

(c) compound motor 

(d) any of the above 

10.145. D.C. motor is to a drive a load which is 
almost nil for certain part of the load 
cycle and peak value for short duration. 
We will select this 

(a) series motor (6) shunt motor 
Uc) compound motor 
{d) any of the above 

10.146. Which D.C. motor has got maximum 
self relieving property ? 

J,o)-Series motor ( b ) Shunt motor 

(c) Cumulatively compounded motor 
(i d ) Differentially compounded motor 

10.147. Voltage equation for D.C. motor is 
(a) Eh — V + IaMa 

4k) V = Ely + IaRa 
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(c) Eb = V-I a 2 Ra 

(d) V = Eb-IaRa 

A 230 V D.C. shunt motor takes 32 A 10.155. 

at full load. The back e.m.f. on full load, 

if the resistance of motor armature and 

shunt field windings are 0.2 Q and 115 

Q respectively, will be 

(a) 210 V (6) 215 V 

(c) 220 V 4d) 224 V 10.156. 

In the D.C. motor the iron losses occur 

in 

(a) the field i&) the armature 

(c) the brushes (d) the commutator 
The speed of a D.C. shunt motor is ' 
required to be more than full load 
speed. This is possible by 

reducing the field current 
(6) decreasing the armature current 
(c) increasing the armature current 
(c?) increasing the excitation current 10.157. 

(e) none of the above methods 

One D.C. motor drives another D.C. 
motor. The second D.C. motor when 
excited and driven 
ter) runs as a generator 

(b) does not run as a generator 10.158. 

(c) also runs as a motor 

( d ) comes to stop after sometime 
Which of the following D.C. motors has 
the least drop in speed between no-load 
and nominal load ? 

(а) Series motor without commutating 

poles 10.159. 

(б) Series motor with commutating 
poles 

Shunt motor with commutating 
pole 

{d) Compound motor without com¬ 
mutating poles 

The speed of a series motor at no load 
is 


{&) infinity (6) 4000 r.p.m. 

(c) 2000 r.p.m. . (d) 1000 r.p.m. 

(e) none of the above 

In a D.C. motor if the back e.m.f. is 

absent 

Jca) motor will burn 
(5) motor will not run at all 


10.160. 
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(c) motor will run at very slow speed 

id) motor will run at very high speed 

A series motor is started without load. 

The effect is that 

(a) the back e.m.f. decreases 

0 b ) the torque increases rapidly 

(e) the speed increases rapidly 

{d) the current drawn increases rapidly 

What will happen if supply terminals 

of D.C. shunt motor are interchanged ? 

(a) The direction of rotation will 
reverse . 

(b) Motor will stop 

(c) Motor will run at speed lower than 
the normal speed in the same direc¬ 
tion 

Motor will run at its normal speed 
in the same direction as it was run¬ 
ning 

When the electric train is moving down 
a hill the D.C. motor act as 
<er) D.C. series generator 

(b) D.C. shunt generator 

(c) D.C. shunt motor 

(d) D.C. series motor 

Which of the following methods is most 
economical for finding the no-load los¬ 
ses of a large D.C. .shunt motor ? 

(a) Retardation test 
Swinburne's test 

(c) Hopkinson’s test 
(cf) none of the above 
Which of the following statement is in¬ 
correct ? If a starter is not used with 
large D.C. motor, it will draw a starting 
current which 

tohwill produce very low starting 
torque 

( b ) will produce excessive line voltage 
drop 

(c) will damage the commutator 

(i d ) is many times its full-load current 
The rated speed of a given D.C. shunt 
motor is 900 r.p.m. To run this machine 
at 1000 r.p.m., which of the following 
speed control scheme will be used ? 

(а) Ward-Leonard control 

(б) Armature current resistance control 
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<j»-Field resistance control 
(< d ) None of the above 

10.161. In electric motors carbon brushes are 
used to 

let) provide a path for flow of current 
(6) prevent sparking during commuta¬ 
tion 

(c) prevent overheating of armature 
windings 

(d) brush off carbon deposits on the 
commutator 

10.162. What is the effect produced by the 
electric current in an electric motor ? 

(a) Heating effect only 
(6) Magnetic effect only 

Heating as well as magnetic effect 
( d ) Heating as well as chemical effect 

10.163. In a motor, energy conversion would 
not have been possible but for the 

production of opposing back e.m.f. 
Eb in the armature 

(b) input energy from supply 

(c) use of commutator 

(d) application of Fleming’s left-hand 
rule 

10.164. In a D.C. motor, unidirectional torque 
is produced with the help of 

(a) end plates (6) bushes 
(c) commutator 
<efrboth (6) and (c) 

10.165. In a D.C. motor, the ratio E b /V a indi¬ 
cates 

(a) running torque of the motor 

( b ) starting torque of the motor 
<eEefficiency of the motor 

{d) speed regulation of the motor 

10.166. The speed of a D.C. motor, under con¬ 

stant load conditions, is affected by 

(a) back e.m.f. field flux 

(c) armature current 

(d) none of the above 

10.167. A D.C. shunt motor is rotating in clock¬ 
wise direction as viewed from one end. 
The polarity of connection of the arma¬ 
ture and field winding are reversed 
simultaneously. The motor will 

N 1j a ]) rotate in clockwise direction 
(fe) rotate in anti-clockwise direction 
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(c) will not rotate at all 

(d) gain excessively high speed 

10.168. If the field circuit of a loaded shunt 
motor is suddenly opened 

(a) torque developed by the motor 
would be reduced to zero 

(b) it would race to almost infinite 
speed 

(c) it would draw abnormally high ar¬ 
mature current 

Jji) the fuse or circuit breaker will open 
the circuit before too much damage 
is done to the motor 

10.169. A series motor is best suited for driving 
(a) machine tools 

J&) cranes and hoists 

(c) sheai and punches 
(i d ) none of the above 

10.170. Which of the following motor has high 
starting torque ? 

(a) Synchronous motor 

(b) A.C. series motor 
'-&) D.C. series' motor 

( d ) Induction motor 

10.171. While starting a differential compound' 
motor, it is best to short the series field 
in order to avoid 

(a) excessive starting period 
&) motor starting in wrong direction 

(c) tripping of the circuit breaker 

(d) large in rush of current 

10.172. In a D.C. motor constant torque is 
produced due to 

(a) rotor laminations 

(b) end-plates 

(c) pole shoes 
iid) cojnmutator 

10.173. The operation of electric generators 
and motors depend on the interaction 
between magnetic field and 

(а) copper conductors 

(б) electric field 
electric current 

(( d ) commutator 

10.174. The simplest form of a motor controller 
is 

(a) relay '4W toggle switch 

(c) drum switch (d) magnetic switch 
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All motors, basically, operate on the 
principle of either repulsion or 
4a) induction (6) semi-conduction 

(c) capacitance 

(d) electro-magnetism 

The maximum end-play of a motor is 
about 

(a) 10 mm (6) 6 mm 

(c)2 mm 0.4 mm 

A face plate starter is employed for 
starting 

(а) induction motor 

(б) universal motor 

(c) synchronous motor 
x 4d) d.c. series motor 

If the no-voltage release of a D.C. motor 
starter fails to work on resumption of 
supply after a break, the motor will 

(а) not start automatically 

(б) start automatically without trouble 
get damaged 

(d) develop very low torque 

A D.C. series motor, as compared to 

shunt and compound motors, has tho 

highest' torque at the start because of 

its comparatively 

'(a) stronger series field 

(6) lower armature resistance 

(c) large armature current 

id) fewer series turns 

Which of the following motors, on 

removal of load, will run at the highest 

speed ? 

(a) Shunt motor >46) Series motor 
(c) Differential compound 
(< d ) Cumulative compound 
The mechanical power developed by a 
D.C. motor is equal to 

(а) power input + losses 
<M"back e.m.f. x armature current 
(c) power output x losses 

id) power output x efficiency 
Which of the following statements is 
correct , in case of a D.C. series motor ? 
fc^It should be directly connected to 
the load 

(б) It may run away if its field becomes 
open 


(c) It is a constant speed motor 

{d) It cannot be used where high start¬ 
ing torque is required 

10.183. The variable resistor shunting the field 
of a D.C. series motor is called a 

(а) armature divertor 

(б) voltage regulator 
■fe) field divertor 

{d) potential divider 

10.184. Between Field's test and Hopkinsons 
test the main common thing is that 
both 

(а) use negligible power 

(б) are regenerative tests 

(cjhneed two similar mechanically- 
coupled motors 

( d ) need two electrically coupled series 
motors 

10.185. The use of armature divertor in the 
rheostatic method of speed control for 
a D.C. shunt motor makes the method 
(a) less expensive (6) less wasteful 
(equitable for rapidly changing loads 
(d) unsuitable for changing loads 

10.186. The series parallel system of speed con¬ 
trol of D.C. series motors widely used 
in traction work gives a speed range or 
about 

(a) 1:10 (6)1:8 

(c) 1 : 6 4d)l:4 

10.187. If conditions for maximum power for a 
D.C. motor are established, the efficiency 
of the motor will be 

4a) less than 50% (6) 60 to 70% 

(c) 80 to 90% (d) 100% 

10.188. In which of the following tests only one 
motor is required ? 

s(o) Brake test ( b ) Hopkinson’s test 

(c) Field's test (d) Swinburne’s test 

10.189. In Field’s test for series motors one 
motor drives the other machine as . 

(a) cumulative compound generator 

( b ) differential compound generator 
. , -fc) separately excited generator 

{d) series generator 

10.190. A motor for punching machine is usual¬ 
ly subjected to 

' (a) no load 


Downloaded From : www.EasyEngineering.net 


Downloaded From : www.EasyEngineering.net 



;J , dire ct CURRENT MOTOR 


10.55 


lb) continuous part load 

(c) continuous full load 
^-intermittent load 

10.191* Which of the following is not necessari¬ 
ly the advantage of D.C. motors over 
A.C. motors ? 

(a) Better speed control 
•4b) Low cost 

(c) High starting torque 

(d) Wide speed range 

10.192. The armature shaft of a D.C. motor 
must be able to withstand 

(а) any unbalanced magnetic pull on 
the armature core 

(б) twisting strains due to transmis¬ 
sion of torque 

(c) bending moment due to the weight 
of the armature and commutator 
ieft all of the above 

10.193. 'Which of the following loss of D.C. 
motor decreases with increase in load ? 

(a) Friction and windage loss 

(b) Core loss 

(c) Brush contact loss 
W) none of the above 

10.194. In an overloaded motor main danger 
arises due to 

winding getting overheated 
(6) busbars getting heated 

(a) starter getting damaged 

(d) bearings getting overheated 

10.195. A wide and very sensitive speed control 
is usually required in case of 

(а) elevators 

(б) steel rolling mills 
(c) colliery winders 

all of the above 

10.196. For which application a D.C. motor is 
preferred over an A.C. motor ? 

(a) High speed operation 

(b) Low speed operation 

(c) Fixed speed operation 
Xd) Variable speed operation 

10.197. Regenerative braking on D.C. shunt 
motors is used when 

frzf'the load has overhauling charac¬ 
teristics 

(b) the load is variable 


(c) the load also acts as a braking force 

(d) the load is constantly decreasing 

10.198. Which motor should be used for 
centrifugal pumps ? 

(a) Series motor H&) Shunt motor 

(c) Either of the 3Ve 

(d) None of the above 

10.199. Which of the following methods is most 
effective in finding out the no load los¬ 
ses in a large D.C. shunt motor ? 

(a) Field’s test 

(b) Ward-Leonard test 

(c) Block rotor test 
"feO Swinburne’s test 

( e ) Hopkinson’s test 

10.200. A D.C; motor can be easily identified by 

(а) winding m>) commutator 

(c) size of conductor 

(d) yoke 

10.201. The function of a Field regulator for 
compound motors is to 

Jea) control the flux 

(б) limit the armature current 

(c) demagnetise the field partially 

(d) none of the above 

10.202. The main disadvantage of Hopkinson’s 
test for finding efficiency of the shunt 
D.C. motors is that it 

(a) needs one motor and one generator 
requires two identical shunt machines 

(c) requires full-load power 

( d ) ignores any change in iron loss 

10.203. Which losses can be determined by per¬ 
forming the retardation test ? 

(a) Friction losses 

(b) Eddy current losses 
^fc) Stray losses 

(d) Copper losses 

10.204. The generated e.m.f. and the current 
are in the opposite direction in case of 
(a) d.c. generators t8) d.c. motors 

(c) both (a) and (6) 

(d) none of the above 

10.205. Speed control of a cumulatively com¬ 
pounded D.C. motor can be effected 
through change of 

(a) field resistance 

( b ) armature resistance 
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(c) armature voltage 
Xd) any of the above 

10.206. Ward-Leonard system of speed control 
is not recommended for 

(а) very low speeds 

(б) frequent motor reversals 
(c) wide speed range 

constant speed operation 

10.207. Which of the following can be used for 

controlling the speed of a D.C. motor ? 

(a) Thermistor , ( b ) Transistor 

(c) Thyratron (^Thyristor 

10.208. Hopkinson’s test is conducted at 

(a) no load ( b ) part load 

(c) iow load <afrfuil ioad 

10.209. Which of the following tests can be con¬ 
ducted on all types of D.C. machines ? 

(а) Hopkinson’s test 

(б) Running down test 
(c) Block rotor test 

0 d ) Field’s test XEHBrake test 

10.210. In case of a shunt motor if the supply 
voltage is increased by 10%, which of 
the following will decrease ? 

H&) full load current 
(6) full load speed 

(c) starting torque 

(d) none of the above 

10.211. Which of the following, in a D.C. motor, 
can sustain the maximum temperature 
rise ? 

(a) Commutator 

( b ) Armature windings 

(c) Slip rings 

'■&T Field windings 

10.212. Speed control by varying the armature 
circuit resistance, in a D.C. motor, 
provides a 

'ddS constant torque drive 
(6) variable torque drive 

B. Fill in the Blanks/Say ‘Yes’ or ‘No’: 

10.219. The electric motor is a machine which 
converts mechanical energy into 
electrical energy. (Yes/No) 

10.120. The body of D.C. mill motors is made in 
two halves bolted together for easy ac- 


(c) constant power drive 

(d) variable power drive 

10.213. Speed control by the variation of flux, 
in a D.C. shunt motor, will give 

(a) constant torque drive 

(b) variable torque drive 
^tcTconstant power drive 

(d) variable power drive 

10.214. Which of the following tests can be used 
to determine no-load losses in a D.C. 
shunt motor ? 

(a) Running down test 
(hESwinburne’s test 

(c) Field test (d) Brake test 

10.215 . In regenerative braking 

(a) motor energy is dissipated as heat 
(i b ) motor energy is dissipated in arma¬ 
ture heating 

(c) motor energy is dissipated in 
windage losses 

^f)-motor is made to run as a generator 

10.216. Regenerative braking on, shunt motors 
is used when 

(а) the load is variable 

(б) the load is constantly decreasing 
/feE the load acts as a braking force 

(d) the load has overhauling charac¬ 
teristics. 

10.217. Which of the following methods gives 
the greatest braking torque ? 

(а) Regenerative braking 
v&LPlugging 

(c) Rheostatic braking 

(d) None of the above. 

10.218. A brake test on D.C. motors is usually 
restricted to 

v^Esmall horse power motors 

(б) variable speed motors 
(c) high speed motors 

id) open frame type motors. 


cess to the field windings and intel‘r- 
poles. (Yes/No) 

10.221. A D.C. motor works on the principle that 
when a current carrying conductor is 
placed in a magnetic field, it experiences 
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a force whose direction is given by 
Fleming’s right-hand 7'ule. (Yes/No) 

10 . 222 . In a D.C. motor the back or counter 

e.m.f. acts in opposition to the current 

in the machine. (Yes/No) 

10.223. Voltage equation of a motor is given by 

E b = V + l a R a . (Yes/No) 

10.224. Armature torque in a D.C. motor is 
given by 

I a 

T a = 0.159Z<t>p x —. (Yes/No) 

a 

10.225. Condition for maximum power developed 
in armature of a D.C. motor is 

#6=f- (Yes/No) 

10.226. Per cent speed regulation 

__ full-load speed - no-load spee d 

no-load speed 

(Yes/No) 

10.227. In case of a.motor the speed, falls as 

the load torque increases. 

10.228. A shunt motor may be regarded as an 
approximately constant-speed motor. 

(Yes/No) 

10.229. In a cumulative compound motor the 

speed increases appreciably as the load 
torque increases. (Yes/No) 

10.230. A shunt motor is used for traction 

drives generally. (Yes/No) 

10.231. A series motor is preferred for line shaft 

drives. (Yes/No) 

10.232.compound motors are used in roll¬ 

ing mills. 

10.233. Differential compound motors are used 

for experimental and research work 
and battery boosters. (Yes/No) 

10.234. Reversal in a D.C. motor can be ac¬ 

complished by changing the polarity of 
either the armature or the field, but not 
by changing both. Yes/No) 

10.235. Very small D.C. motors may be started 

directly from the line without using a 
starting resistance and without injury 
to the motor. Yes/No) 

10.236. Three point starters are not completely 
satisfactory when used with motors 
whose speed must be controlled by in- 


10.237. 


10.238. 

10.239. 

10.240. 

10.241. 

10.242. 

10.243. 

10.244. 

10.245. 

10.246. 

10.247. 

10.248. 

10.249. 


serting resistance in the shunt field 
circuit. Yes/No) 

When a mechanical load is put on a 
motor, the electrical power input to 
motor automatically changes to match 
it (load). * Yes/No) 

The speed of a D.C. motor can be 
changed by field control method only. 

Yes/No) 

Field control method is also applicable 
to.motors. 

Field control method provides relative¬ 
ly smooth and stepless control of speed. 

Yes/No.) 

In a series motor, variations of flux can 
be brought about by armature divertor 
only. . Yes/No) 

In paralleling field coils method of 
speed control several speedy can be ob¬ 
tained by regrouping the field coils. 

Yes/No) 

Rheostatic control method is a common 
method of speed control of series 
motors. (Yes/No) 

Rheostat control method is used when 
speeds above the no-load speed is re¬ 
quired. (Yes/No) 

Series-parallel control is widely used in 
electric traction. Yes/No) 

When the speed is controlled by 
regulating the motor terminal voltage 
while maintaining constant field cur¬ 
rent, it is called voltage control. 

Yes/No) 

Ward-Leonard method of speed control 
not only gives a wide range of operating 
speeds, but reduces to the very mini¬ 
mum the wastage of energy that may 
take place at starting and stopping. 

(Yes/No) 

Electro-mechanical or friction brakes 
are operated by electro-magnets or 
electric-operated thrustors. Yes/No) 
In rheostatic braking the connection to 
the armature terminals are reversed 
that motor tends to run in the opposite 
direction. (Yes/No.- 
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10.250. 

10.251. 


10.252. 

10.253. 

10.254. 

10.255. 

10.256. 

10.257. 

10.258. 

10.259. 

10.260. 


As compared to rheostatic braking,. 

gives better braking torque. 

Regenerative braking method is used 
when the load on the motor has over¬ 
hauling characteristic as in the lower¬ 
ing of the cage of a hoist or downgrade 
motion of an electric train. (Yes/No) 

Efficiency = (Yes/No) 

The electrical losses are supplied from 
the electrical power generated by or 
delivered to the machine, as the case 
may be. (Yes/No) 

Armature copper loss is about 30 to 
40% of total full-load losses. (Yes/No) 
The voltage drop at the brush is almost 
.of armature current. 

Field copper loss constitutes about 50% 
of total full-load losses. (Yes/No) 

Iron losses are a function of both flux 
and speed. (Yes/No) 

For good generators the value of overall 
or commercial efficiency may be as high 
as 95%. (Yes/No) 

A direct on line starter is used for start¬ 
ing motors upto 5 H.P. (Yes/No) 

Efficiency will be maximum when vari¬ 
able losses are equal to constant losses. 

(Yes/No) 


10.261. Brake test is a typical example of an 

indirect test. (Yes/No) 

10.262. In direct test the generator or motor is 
put on full-load and whole of the power 
developed by it is wasted. (Yes/No) 

10.263. An indirect method of testing consists 

in measuring the losses and then cal¬ 
culating the efficiency. (Yes/No) 

10.264.test is a regenerative test for deter¬ 

mining efficiency of D.C. machines. 

10.265. In Swinburne’s test the losses are 
measured separately and efficiency at 
any designed load is pre-determined. 

(Yes/No) 

10.266. Hopkinson’s test is uneconomical. 

(Yes/No) 

10.267. Retardation test is a method by which 

the losses of the machine can be found 
out. (Yes/No) 

10.268. Field’s test is applicable to two dis¬ 
similar series motors. (Yes/No) 

10.269. The temperature rise test or the heat 

run test aims at finding out the actual 
maximum temperature attained while 
the machine is operating under certain 
load conditions. (Yes/No) 

10.270. When the speed of a motor is controlled 

by regulating the motor terminal volt¬ 
age while maintaining constant . 

current, it is called voltage control. 


ANSWERS 

(Direct Current Motor) 


A. Choose the Correct Answer: 


10.1. (b) 

10.2. (6) 

10.3. (c) 

10.4. (a) 

10.5. (6) 

10.6. (c) 

10.7. (6) 

10.8. (d) 

10.9. (a) 

10.10. (c) 

10.11. (d) 

10.12. (c) 

10.13. (a) 

10.14. (6) 

10.15. (d) 

10.16. (d) 

10.17. (a) 

10.18. (c) 

10.19. (a) 

10.20. (a) 

10.21. (a) 

10.22. (6) 

10.23. (c) 

10.24. (d) 

10.25. ( d ) 

10.26. (b) 

10.27. (c) 

10.28. (c) 

10.29. (a) 

10.30. (d.) 

10.31. (b) 

10.32. (a) 

10.33. (d) 

10.34. (c) 

10.35. (6) 

10.36. (c) 

10.37. id) 

10.38. (6) 

10.39. (a) 

10.40. ( d) 

10.41. (c) 

10.42. (a) 

10.43. id) 

10.44. (a) 

10.45. (d) 

10.46. (c) 

10.47. (e) 

10.48. (d) 

10.49. (e) 

10.50. (c) 
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10.51. (d) 

10.52. (c) 

10.53. (c) 

10.54. (a) 

10.55. (d) 

10.56. (c) 

10.57. (a) 

10.58. (d) 

10.59. (b) 

10.60. (c) 

10.61. (a) 

10.62. (c) 

10.63. (a) 

10.64. (d) 

10.65. (b) 

10.66. (b) 

10.67. (e.) 

10.68. (d) 

10.69. (a) 

10.70. (b) 

10.71. (a) 

10.72. (a) 

10.73. (6) 

10.74. (c) 

10.75. (d) 

10.76. (b) 

10.77. (a) 

. 10.78. (c) 

10.79. (a) 

10.80. (b) 

10.81. (a) 

10.82. (a) 

10.83. (b) 

10.84. {d) 

10.85. (a) 

10.86. (b) 

10.87. (d) 

10.88. (c) 

10.89. (c) 

10.90. (d) 

10.91. ( b) 

10.92. (d) 

10.93. (a) 

10.94. ( d) 

10.95. (e) 

10.96. (c) 

10.97. (d) 

10.98. (a) 

10.99. (a) 

10.100. (b) 

10.101. (a) 

10.102. (d) 

10.103. (b) 

10.104. (c) 

10.105. (d) 

10.106. (c) 

10.107. (c) 

10.108. ( d ) 

10.109. (c) 

10.110. (b) 

10.111. (b) 

10.112. (b) 

10.113. (c) 

10.114. (b) 

10.115. (c) 

10.116. (a) 

10.117. (d) 

10.118. (a) 

10.119. (c) 

10.120. if) 

10.121. (d) 

10.122. (a) 

10.123. (cO 

10.124. (a) 

10.125. (d) 

10.126. (d) 

10.127. (b) 

10.128. (b) 

10.129. (d) 

10.130. (a) 

10.131. ( d ) 

10.132. (b) 

10.133. (a) 

10.134. (c) 

10.135. (c) 

10.136. (a) 

10.137. (d) 

10.138. (a) 

10.139. (a) 

10.140. (b) 

10.141. (c) 

10.142. (a) 

10.143. (a) 

10.144. (a) 

10.145. (c) 

10.146. (a) 

10.147. (b) 

10.148. (d) 

10.149. (b) 

10.150. (a) 

10.151. (a) 

10.152. (c) 

10.153. (a) 

10.154. (a) 

10.155. (c) 

10.156. (d) 

10.157. (a) 

10.158. (b) 

10.159. (a) 

10.160. (c) 

10.161. (a) 

10.162. (c) 

10.163. (a? 

10.164. (d) 

10.165. (c) 

10.166. ( b) 

10.167. (a) 

10.168. (<i; 

10.169. (b) 

10.170. (c) 

10.171. ( b) 

10.172. (d) 

10.173. (c) 

10.174. (b) 

10.175. (a) 

10.176. (d) 

10.177. (d) 

10.178. (c) 

10.179. (a) 

10.180. (b) 

10.181. ( b ) 

10.182. (a) 

10.183. (c) 

10.184. (c) 

10.185. (c) 

10.186. (d) 

10.187. (a) 

10.188. (a) 

10.189. (c) 

10.190. {d) 

10.191. (b) 

10.192. (d) 

10.193. (d) 

10.194. (a) 

10.195. {d) 

10.196. (d) 

10.197. (a) 

10.198. (b) 

10.199. {d) 

10.200. (b) 

10.201. (a) 

10.202. (b) 

10.203. (c) 

10.204. (b) 

10.205. (d) 

10.206. (d) 

10.207. (d) 

10.208. (d) 

10.209. (e) 

10.210. (a) 

10.211. (d) 

10.212. (a) 

10.213. (c) 

10.214. (b) 

10.215. (d) 

10.216. (c) 

10.217. ( b) 

10.218. (a) 



B. Fill in the Blanks/Say ‘Yes' 

or ‘No' : 



10.219. No 


10.220. Yes 


10.221. No 

10.222. Yes 


10.223. No 


10.224. Yes 

10.225. No 


10.226. No 


10.227. series 

10.228. Yes 


10.229. No 


10.230. No 

10.231. No 


10.232. Cumulative 


10.233. Yes 
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10.234. Yes 

lis.235. Yes 

10.236. Yes 

10.237. Yes 

10.238. No 

10.239. compound 

10.240. Yes 

10.241. No 

10.242. Yes 

10.243. Yes 

10.244. No 

10.245. Yes 

10.246. Yes 

10.247. Yes 

10.248. Yes 

10.249. No 

10.250. plugging 

10.251. Yes 

10.252. No 

10.253. Yes 

10.254. Yes 

10.255. independent 

10.256. No 

10.257. Yes 

10.258. Yes 

10.259. Yes 

10.260. Yes 

10.261. No 

10.262. Yes 

10.263. Yes 

10.264. Hopkinson’s 

10.265. Yes 

10.266. No 

10.267. Yes 

10.268. No 

10.269. Yes 


10.270. field. 

□ □ 
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Transformers 


11.1. GENERAL ASPECTS 

Function. The function of a transformer, as the name implies , is to transform alternating 
current energyfrom one voltage into another voltage. The transformer has no rotating parts, hence 
it is often called a static transformer. 

When, energy is transformed into a higher voltage the transformer is called a step-up 
transformer but when the case is otherwise it is called a step-down transformer. Most power 
transformersj>perate at constant voltage, i.e. , if the power varies the current varies while the voltage 
remains fairly constant. 

Applications. A transformer performs many important functions in prominent areas of 
electrical engineering. 

—- In electrical power engineering the transformer makes it possible to convert electric power 
from a generated voltage of about 11 kV (as determined by generator design limitations) 
to higher values of 132 kV, 220 kV, 400 kV, 500 kV and 765 kV thus permitting 
transmission of huge amounts of power along long distances to appropriate distribution 
points at tremendous savings in the cost of transmission lines as well as in power losses. 

— At distribution points transformers are used to reduce these high voltages to a safe level 
of 400/230 volts for use in homes, offices etc. 

— In electric communication circuits transformers are used for a variety of purposes e.g. , as 
an impedance transformation device to allow maximum transfer of power from the input 
circuit to the output device. 

— In radio and television circuits input transformers, interstage transformers and output 
transformers are widely used. 

— Transformers are also used in telephone circuits, instrumentation circuits and control 
circuits . 

11.2. WORKING PRINCIPLE OF A TRANSFORMER 


A transformer operates on the principle of mutual 
inductance , between two (and sometimes morp) inductively 
coupled coils. It consists of two windings in close proximity 
as shown in Fig. 11.1. The two windings are coupled by 
magnetic induction. (There is no conductiyft {connection be¬ 
tween the windings). One of the windings called primary is 
energised by a sinusoidal voltage. The second winding, 
called secondary feeds the load. The alternating current in 
the primary winding sets up an alternating flux (<j>) in the 



Fig . 11.1. Two winding transformer. 


11.1 
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core. The secondary winding is linked by most of this flux and e.m.fs. are induced in the two windings.. 
The e.m.f. induced in the secondary winding drives a current through the load connected to the 
winding. Energy is transferred from the primary circuit to the secondary circuit through the medium 
of the magnetic field. 

In brief, a transformer is a device that: 

(i) transfers electric power from one circuit to another ; 

(ii) it does so without change of frequency ; and 

(Hi) it accomplishes this by electromagnetic induction (or mutual inductance). 


11.3. TYPES OF TRANSFORMERS 


S. No. 

Type/Kind 

Applications/U ses 

1 . 

Power transformers 

Transmission and distribution of electric power. 

2. 

Auto- transformers 

Converting voltages within relatively small limits 
to connect power systems of different voltages, to 
start A.C. motors etc. 

3. 

Trans former for feeding installations with 
static converters. (Mercury arc rectifiers, 
ignitrons, semi-conductor valves, etc.) 

Converting A.C. into D.C. (rectifying) and con¬ 
verting D.C. into A.C. (inverting). 

4. 

Testing transformers 

Conducting tests at high and ultra-high voltages. 

5. 

Power transformers for special appli¬ 
cations 

Furnace, welding etc. 

6 . 

Radio transformers 

Radio engineering etc. 


Note. Distribution transformers should be designed to have maximum efficiency at a load much lower 
than full-toad (about 50%). 

Power transformers should be designed to have maximum efficiency at or near full-load. 

11.4. TRANSFORMER CONSTRUCTION 

All transformers have the following essential elements : 

1. Two or more electrical windings insulated from each other and from the core (except in 
auto-transformers). 

2. A core, which in case of a single-phase distribution transformers usually comprises cold 
rolled, silicon steel strip instead of an assembly of punched silicon-steel laminations as are used in 
the large power-transformer cores. The flux path in the assembled core is parallel to the directions of 
steeTs grain or ‘ orientation This results in a reduction in core losses for a given flux density and 
frequency, or it permits the use of high core densities and reduced size of transformers for given core 
losses. 

Other necessary parts are : 

— A suitable container for the assembled core and windings. 

— A suitable medium for insulating the core and its windings from each other and from the 
container. 

— Suitable bushings for insulating and bringing the terminals of the windings out the case. 

The two basic types of transformer construction are : 

1 . The core type. The copper virtually surrounds the iron core. 

2. The shell type. The iron surrounds efefWw.EasyEnginQering.net 
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Note. The core stepping (in core type transformers) not only gives high space factor but also results in 
reduced length of the mean turn and the consequent I 2 R loss. 

Transformer Windings. The most important requirements of transformer windings are : 

1. The winding should be economical both as regards initial cost, with a view to the market 
availability of copper, and the efficiency of the transformer in service. 

2. The heating conditions of the windings should meet standard requirements, since departure 
from these requirements towards allowing higher temperature will drastically shorten the service 
life of the transformer. 

3. The winding should be mechanically stable in respect to the forces appearing when sudden 
ghort circuit of the transformer occurs. 

4. The winding should have the necessary electrical strength in respect to over voltages. 

The different types of winding are classified and briefly discussed below : 

1. Concentric windings: 

(z) Cross-over ; (fi) Helical; and (zzz) Disc. 

2. Sandwich windings. 

11.5. TRANSFORMER COOLING 


11.5.1. Cooling Methods 

As far as cooling methods are concerned, the transformers are of following two types : 

1. Dry type, and 2. Oil immersed type. 

1. Dry type transformers. Small transformers upto 25 kVA size are of dry type and have 
the following cooling arrangements : 

(z) Air natural (zz) Air blast. 

2. Oil immersed transformers. In general most transformers are of oil immersed type. The 
oil provides better insulation than air as it is a better 
conductor of heat than air. Mineral oil is used for this 
purpose. 

Oil immersed transformers are classified as follows : 

(z) Oil immersed self cooled transformers. 

(zz) Oil immersed forced air-cooled transformers. 

(zzz) Oil immersed water-cooled transformers. 

(iv) Oil immersed forced oil cooled transformers. 

Fig. 11.2 shows the cooling of transformers having 
capacities from 10000 kVA and higher. In such cases air 
blast cooling of radiator is used. 



^TronsfcrrrwrN 7T 
tank ^Wn 


Windings L Air 

.Circulation 


TTfcn 

Pump 


Fig. 11.2. Air blast cooling of radiator. 


11.5.2. Transformer Oil 

It is a mineral oil obtained by refining crude petroleum. It serves the following purposes : 
(z) Provides additional insulation. 

(zz) Carries away the heat generated in the core and coils. 

(zzz) Protects the paper from dirt and 1( ^oisture. w - 

The transformer oil should possess the fallowing properties \ 

1. High dielectric strength. • 

2. Low viscosity to provide good heat transfer. 
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3. Good resistance to emulsion. 

4. Free from inorganic acid, alkali and corrosive sulphur. 

5. Free from sludging under normal operating conditions. 

6. High flash/fire point. 

conservator (Fig. 11.2) is to take up contraction a,n.p ' ^ etal . drum fixed above the level of 

contact with outside air. The conservator consists of g k . g comp i e tely filled with oil when 

the top of the tank and connected with it by a pipejh^ ^ air » greatly reduced. 

cold. The conservator is partially filled wi * i t g 0 the main tank. 

The sludge thus formed remains in tile conservator od^expamb or contract. and thee. i. a 

like silica gel crystal impregnated with coftatt ciystaj. heating and oxidation. The sludge 

Note. Sludging means the slow formation of solid hydrocarb mak “ s trans f or mer still hotter 

deposit itself on the windings and cooling becomes unusable due to overheating. So 

producing more sludge. This process may continue till the translorm 
the contact of oil with air should be avoided as the air con ains o yg 

11.6. E.M.F. EQUATION OF A TRANSFORMER 

E\ = 4.44 / tymax ^1 
J5/2 = 4.44 f <j> m cre N 2 

In ideal transformer on no-load 


.( 11 . 1 ) 

.( 11 . 2 ) 


...(11.3) 


i.e.. 


Vi = E\ and V 2 = E% 

ItlfifineTaftlmfltio of the secondary voltage to primary voltage. 

E% _kh_ k 

e[ = n r _ , . 

- If No > N\, i.e., K> 1, then transformer is called step-up transformer, | 

— If N 2 < N u i.e., K< 1, then transformer is called step-down transformer. 

For an ideal transformer, 

Z 2 _ Si _ ^1 = 1 
h “ e 2 " N 2 K' 

11.7. TRANSFORMER ON NO-LOAD . ^ j, op .„ and prbnar, is connected 

A transformer is said to be on no-load if voltage will cause flow of alternating 

to a sinusoidal alternating voltage V v The alternating app | h j g primary input current do) 

current in the primary winding which will create a ein 
under no-load conditions supply : . . 1 \ 

(*) lron losses in the COre (Le " hyStereS1S l0SS and v fihlre b^ing no copper loss in the secondary 
(it) Avery small amount of copper losses mpr imary 

as it is open). 
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transformers * t | | .5 

Thus I 0 is not at 90° behind V*, but lags it by an angle <j> 0 < 90°. 

No-load power input, P 0 = VJq cos 4> 0 
where cos = primary power factor under no-load conditions. 

As is evident from Fig. 11.3, primary current I 0 has the following two components : 

(i) Active or working or iron loss component I w . This component is in phase with V 1 and mainly 
supplies the iron loss plus small quantity of primary copper loss. 

I w =I 0 cos <J) 0 ...(0 

{ii) Magnetising component I m . This component is in quadrature 
with Vi and its function is to sustain the alternating flux in the core. It is 
wattless. 

/ m = / 0 sin<i) 0 ...(ii) 

Also I 0 = V/J 2 + Im ...( Hi) 

The following points are worth noting : 

— The no-load primary current I w is very small as compared to the 
full-load primary current. 

— As I 0 is very small, the no-load primary copper loss is negligibly 
small which means that no-load primary input is practically 
equal to the iron loss in the transformer. 

— Since, it is primarily the core loss which is responsible for shift 

in the current vector, angle (j) 0 is known as hysteresis angle Fig- 11.3. No-load vector 
of advance. diagram. 

11.8. TRANSFORMER ON LOAD 

The transformer is said to be loaded when the secondary circuit of a transformer is completed 
through an impedance or load. The magnitude and phase of secondary current J 2 with respect to 
secondary terminal voltage will depend upon the characteristic of load, i.e. } current / 2 will be in phase, 
lag behind and lead the terminal voltage V 2 respectively when the load is purely resistive, inductive 
and capacitive. 

— Whatever be the load conditions, the net flux passing through the core is approximately 
the same as at no-load. 

— Since the core flux remains constant at all loads, the core loss almost remains constant 
under different loading conditions. 



11.9. EQUIVALENT CIRCUIT 

An equivalent circuit (Fig. 11.4) is merely a circuit interpretation of the equations which 
describe the behaviour of the device. 



impedances transferred to primary. 
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Approximate equivalent circuit. It is seen that E x differs from V x by a very small amount. 
Moreover, the no-load current I 0 is only a small fraction of full-load primary current so that I 2 is 
practically equal to7 X . Consequently the equivalent circuit 
can be simplified by transferring the parallel branch con¬ 
sisting of R 0 andX 0 to the extreme left position of the circuit 
as shown in Fig. 11.6. This circuit is known as approximate 
equivalent circuit. Analysis with the approximate 
equivalent circuit gives almost the same results as the K 

analysis with the exact equivalent circuit. However , the ' x 2 = *^7 'Ig-KIg 

analysis with the approximate equivalent circuit is simple Fig. 11.6. Approximate equivalent circuit of 
because the resistances R x and R 2 and leakage reactances transformer . 

Xi and X 2 can be combined. 



Note. 


R 0l = R\ + R 2 - R\ + 

K 2 


X 01 =X 1+ X 2 '=X 1+ -| 


where 


f?02 = R% + R\ — R 2 K^R\ 

X 02 = X 2 + X 1 '=X 2 + K 2 X 1 

Roi> Xoi = equivalent resistance and reactance respectively referred to primary , 

R 02 , X D2 = equivalent resistance and reactance respectively referred to secondary , 

^ 2 ', X 2 = equivalent secondary resistance and reactance respectively as referred to primary , and 
I?!', X/ = equivalent primary resistance and reactance respectively as referred to secondary . 

11.10. TRANSFORMER TESTS 

The performance of a transformer can be calculated on the basis otits equivalent circuit which 
contains the following four main parameters : 

(i) Equivalent resistance R ox as referred to primary (or secondary R 02 ). 

(ii) Equivalent leakage resistance X 0 i as referred to primary (or secondary Xo 2 )- 
(Hi) Core loss conductance G 0 (or resistance R 0 ). 

( iv ) Magnetising susceptance B 0 (or reactance X 0 ). 

These parameters or constants can be determined by the following two tests : 

1. Open-circuit or no-load test. 

2. Short-circuit or impedance test. 

The above two tests are convenient to perform and very economical because they furnish the 
required information without actually loading the transformer. 

1. Open-Circuit or No-Load Test (O.C. Test). An open-circuit or no-load test is conducted 
to find : 

(0 No-load loss or core loss. 

(ii) No-load current 7 0 which is helpful in findingi2 0 
andX 0 . f- 


w 





n 

_ 

— 

r 

I 

| 


-? 





The connections for this test are made as shown in V| ^6 
Fig. 11.7. One winding of the transformer (usually high *- 
voltage winding) is left open and the other is connected to 

its supply of normal voltage and frequency. Ammeter A and L.T. winding—/ H .T. Winding 

wattmeter W are connected to measure no-load current (7q) Fig. 11. 7 . Circuit diagram for open-circuit 
and no-load input power (P 0 ) respectively. test. 
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As tVie primary no-load current 7 0 (as measured by ammeter) is small (usually 3 to 10% of 
rated load current) copper loss is negligibly small in primary (L.T. winding) and nil in secondary 
winding (it being open). Hence the wattmeter reading represents practically the core-loss under 
no-load conditions (and this loss is same for all loads). 

From the data available from the test R 0 , X 0 , cos 4) 0 (no-load power factor), I w and I m can be 
calculated as follows : 

Now, Iron loss = P t = input power on no-load - P 0 watts (say) 

No-load. current = I 0 

Applied primary voltage = V± 


Also 


Po = V^o cos (t> 0 


cos 4>o = 


^0 

Vila 


(where cos 4>o = no-load power factor) 

...(11.4) 


or 4 ) o - cos 


No-load current wattful component , 


-l 


Po 

Vilo 


J T . p o 

l w = 1 Q COS 4 ) 0 = 


No-load current magnetising component , I m - 

Vi Vi 2 

The no-load resistance, R 0 = -j— = -=p- 

Vi v 1 

The no-load reactance, X Q = -=— = . - = 


a/72 T~2 
■ Vi 0 -l w 


...(11.5) 

...( 11 . 6 ) 

...(11.7) 

...( 11 . 8 ) 


The no-load vector diagram is shown in Fig. 11.2. 

Since the current is practically all-exciting current when a transformer is on no-load ( i.e ., 1q = I m ) 
and the voltage drop in primary leakage impedance is small, hence the exciting admittance Y 0 of the 
transformer is given by 


h = v iYo 


The exciting conductance, Gq = 


Po_ 

y , 2 


y x 

or Y 0 = -± 


...(11.9) 

...( 11 . 10 ) 


The exciting susceptance, B {) 



...( 11 . 11 ) 


2. Short-Circuit or Impedance Test (S.C. Test). This test is conducted to determine the 
following: 


( i ) Full-load copper loss. 

(ii) Equivalent resistance and reactance referred to 
metering side. 

In this test (Fig. 11.8) the terminals of the secondary J" 
winding (usually low voltage winding ) are short-circuited j_ 
by a thick conductor or through an ammeter which may 
serve the additional purpose of indicating rated load cur¬ 
rent. A low voltage, usually 5 to 10% of normal primary 
voltage, at correct frequency is applied to the primary and 



Downloaded From : www.EasyEngineering.net 





























Downloaded From : www.EasyEngineering.net 


N.K ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

is continuously increased till full-load currents flow in the primary as well as secondary windings 
(as indicated by the respective ammeters). 

Since applied voltage is very low so flux linking with the core is very small and therefore , iron 
losses are so small that these can be neglected, the reading of the wattmeter gives total copper losses 
at full-load. 

Let Vsc = voltage required to circulate rated load currents 
I\ - reading of the ammeter on the primary side 
Z 0 1 = total impedance as referred to primary side 
Rqi = total resistance as referred to primary side 
*01 = total reactance as referred to primary side. 

Then, equivalent impedance as referred to primary side, 

Vsc 

Z 01 = ...(11.12) 

h 

Also p = 

w 

Roi = -jj ...(11.13) 

1 1 

and Xqi = Vz 01 2 - ft ()1 2 ...(11.14) 


11.11. REGULATION OF A TRANSFORMER 


— Due to the resistances of the windings and leakage reactances voltage drop takes place 
in a transformer. Accordingly the output voltage under load conditions is different from 
the output voltage under no-load conditions. Voltage regulation is defined as : 

“The change in secondary voltage when rated load at a. specified power is removed } \ 

It is specified as a percentage of the rated secondary voltage. 

Thus, if 0 V 2 = secondary terminal voltage at no load 

-E 2 ~ KE i = KVi because at no-load the impedance drop is negligible 
V 2 = secondary terminal voltage on full-load 


Then, % regulation (down) = 
% regulation (up) = - 


0V2-V2 

oV 2 


X 100 


0 V 2 - V 2 
V 2 


X 100 


...(11.15) 

...(11.16) 


For calculating the regulation it is convenient to refer the total resistance and reactance to 
the secondary side. 


%age regulation = 


hR 02 cos c|) ± / 2 Aq 2 sin ) 

0 V 2 


x 100 


(app.) ...(11.17) 

sign for lagging power factor ' 
sign for leading power factor 


The less this value, the better the transformer, because a good transformer should keep its 
secondary terminal voltage as constant as possible under all conditions of load. 

The regulation may also be expressed in terms of primary values . 
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11.12. TRANSFORMER NOISE 

The “hum” caused by energized power transformer, under no-load conditions , originates 
in the core where the laminations tend to vibrate by magnetic forces. The noise is transmitted 
through the oil to the tank side and thence to the surroundings. 

The following are the main factors which produce noise in transformers : 

1. Magnetostriction (occurrence of dimensional changes both parallel to, and 
perpendicular to the direction of magnetisation). 

2. The mechanical vibrations caused by the laminations, depending upon the tightness 
of clamping, size, gauge, associated structural parts, etc. 

3. The mechanical vibration of tank walls. 

4. The damping. 

The noise emission may be reduced by the following methods/means : 

1. Prevention of vibration of core-plate by the use of a lower flux density and giving 
attention to constructional feature (such as clamping bolts, proportions and 
dimensions of the 'steps in plate width, tightness of clamping and uniformity of plates). 

2. Using cushions, padding, or oil barriers to sound insulate the transformer from tank. 

3. Designing suitably the tank and stiffeners to check tank wall vibration. 

4. Sound insulating the tank from the ground or surrounding air. 

However, the noise problem cannot be solved completely . 

11.13. AUTO-TRANSFORMER 

— A transformer in which part of winding is common to both the primary and secondary 
circuits is known as an auto-transformer. The primary is electrically connected to 
the secondary , as well as magnetically coupled to it. 

— Saving in copper = K x Weight of copper in ordinary transformer 

It can be proved that power transformed 

= Input (1 -K) 



Fig . 11.9. Auto-transformer. 
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The rest of the power is conducted directly from the source to the load . 

11.14. TRANSFORMER LOSSES 

The losses in a transformer are classified as follows : 

1. Iron losses (or core losses). 

2. Copper losses 

1. Iron or core losses. It includes hysteresis loss and eddy current loss. 

(i) Hysteresis loss. Since the flux in a transformer core is alternating, power is required 
for the continuous reversals of the elementary magnets of which the iron is composed. This loss 
is known as hysteresis loss. 

Hysteresis loss = K h f/B Jnax 1,6 ...(11.18) 

where f is the frequency in Hz, B max is the maximum flux density in core and K h is a constant. 

(ii) Eddy current loss. This is due to the flow of eddy current in the core. Thin 
laminations, insulated from each other, reduce the eddy current loss to small proportion. 

Eddy current loss .(11.19) 

where K e is a constant 

Iron or core loss is found from open circuit test The input of the transformer when on no- 
load measures the core loss. 

2. Copper losses. These losses are due to the ohmic resistance of the transformer windings. 

Total copper loss = lfR\ + I^Rz - _ 

= / 1 2 7?oi = if *02 

These losses, as is evident, are proportional to square of the current (or kVA 2 ). 

The value of copper losses is found from the short-circuit test . 

11.15. TRANSFORMER EFFICIENCY 


The efficiency of a transformer at a particular load and power factor is defined as the ratio 
of power output to power input . 


Efficiency 


Output 

Input 


Output 


Output 


Output + Losses Output + Cu loss + Iron loss 


...( 11 . 20 ) 


Efficiency = 


Input- Losses ^ Losses 


...( 11 . 21 ) 
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It may be noted that efficiency is based on power output 
in watts and not in volt-amperes, although losses are propor¬ 
tional to volt-amperes. Hence at any volt-ampere load, the 
efficiency depends on power factor, being maximum at unity 
power factor. 

Efficiency can be calculated by determining core losses 
from open-circuit test and copper losses from short-circuit test. 

Condition for maximum efficiency: 

Copper Losses = Iron losses 

Fig. 11.10. shows variations of efficiency with power 
factor at different loadings. 

11.16. ALL-DAY EFFICIENCY 



Fig. 11.10 . Variations of efficiency with 
power factor at different loadings. 


AU-day efficiency is the ratio of energy {kWh) delivered in a .24 hour period divided by the 
energy (kWh) input in the same length of time. 

_ Output in kWh 

llail-day - j nput in kWh 


(for 24 hours) 


...( 11 . 22 ) 


11.17. PARALLEL OPERATION OF SINGLE-PHASE TRANSFORMERS 

The necessity of parallel operation of transformers is felt when the amount of power to be 
transformed is greater than that which can be handled by one transformer. 

The important conditions which must be fulfilled if two or more transformers are to operate 
successfully in parallel to deliver a common load are : 

1. The voltage ratings of both primaries and secondaries must be identical. This obviously 
implies that the transformation ratios are the same. Small differences are permissible if the resultant 
circulating currents can be tolerated. 

2. The transformer must be properly connected with regard to polarity. 

3. The equivalent impedances should be inversely proportional to the respective kVA ratings. 

4. The ratio of the equivalent resistance to equivalent reactance of all transformers should be 

same. 

These conditions are most easily met by paralleling transformers of identical ratings of the 
same make and model. Careful study must be performed with different kVA ratings of even the same 
make or the effects in steps 1, 3 and 4 may appear in undesirable amounts. Step 2 has to be strictly 
observed even it steps 1, 3 and 4 are slightly modified. 

11.18. THREE-PHASE TRANSFORMERS 
11.17.1. Construction 

— The windings of three single-phase transformers can be wound on a common core. The 
advantages are : 

1. One 3-phase transformer is cheaper than three single-phase transformers. 

2. It has slightly better efficiency and regulation. 

3. A 3-phase transformer takes less floor space. 

On the other hand, from the point of view of stand by, or same capacity, it is economical to 
have 3 single-phase transformers phis one' spare rather than two 3-phase transfomers one of which 
is a spare. However, in large central stations 3-phase transformers are often advantageous. 
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Disadvantages: 

1. Three-phase transformers are much more difficult and costly to repair than are single-phase 

units. 

2. When failure does occur and it becomes necessary to substitute a replacement unit to 
maintain service, the cost of spare is much greater than it would be were a single-phase transformer 
to be used as a replacement in a three-transformer bank. 

3. There is a difficulty in transporting a heavier three-phase transformer compared with the 
moving of each of the three single-phase transformers. 

— Two general kinds of three-phase transformers are recognized, similar to single-phase 
transformers, depending upon the relative arrangements of windings and cores. These 
are the core type and the shell type. 

11.18.2. Three-phase Transformer Connections 

Virtually all power distribution is by poly-phase system of voltages. Three-phase transforma¬ 
tions may be made with the use of properly connected single-phase transformers. These connections 
are in extensive commercial use. The most frequently used connections are the following : 

( i ) Primary Y - secondary Y. 

(ii) Primary A - secondary A. 

(Hi) Primary A - secondary Y , or vice-versa. 

(iv) Primary and sepondary open A. 

(l?) Primary T - secondary T (Scott connection) 

Thus the most common connections are Y-Y, A-A, Y-A, A-Y, open delta or V-V and Scott 
connection or T-T connection. 

The salient features of the above three-phase transformer connections are given below : 


S.No. 

Connections 

Salient Features 

1. 

Y-Y (Star/star) 

( i) Line voltage = V3 phase voltage. 

(ii) Neutral is unstable because of third harmonic 
component in the exciting current. 

(Hi) No phase shift between primary and secon¬ 
dary voltages. 

(iv) Economical for small H.V. transformers. 

2. 

A-A (Delta/delta) 

(i) These connections can tolerate large load un¬ 
balance. 

(ii) Suitable for large H.V. transformers. 

3. 

Y-A (Star/delta) 

(i) Principally used where the voltage is to be 
stepped down. 

(ii) Very common for supply networks. 

4. 

A-Y (delta/star) 

(i) This type of connection is employed where it is 
necessary to step-up the voltage. 

(ii) Cannot be operated parallel with star-star or 
delta-delta bank. 

(Hi) If one of the transformers fails, the bank be¬ 
comes inoperative. 

(iv) Quite useful in low voltage distribution sys¬ 
tem. 
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5 ., V-V (open delta) 


6. T-T (Scott connection). 


(z) This type of connection is used in the following 
cases : 

— When the three-phase load is comparatively 
small so that the installation does not warrant 
a three transformer bank. 

— When one of the transformers in a A-A bank 
fails, so that service may be continued until the 
faulty tansformer is repaired or good one is 
substituted. 

(zz) The V-V circuit is frequently used for two auto¬ 
transformers. 

(zzz) Used in A.C. motor starting. 

Employed for 3 phase to 2 phase conversion or vice 

versa. 


11.18.3. Parallel Operation of 3-phase Transformers 

The conditions for paralleling 3-phase transformers are same as that required for parallel 
operation of single-phase transformers with the following additions : 

(z) The voltage ratio must refer to the terminal voltage of primary and secondary. 

(zz) The phase displacement between primary and secondary voltages must be the same for all 
transformers which are to be paralleled . 

{Hi) The phase sequence must be the same. 


11.19. INSTRUMENT TRANSFORMERS 


It is not practicable to connect instruments and meters directly to the lines in high voltage 
circuits. Instead instrument transformers are used. The following are the two basic advantages 
inherent in this method : 

(z) Standard rated instruments may be used. 

(zz) Operating personnel coming in contact with the instruments are not subjected to high 
voltage and current of the lines, and so there is less danger to them. Even with a low-voltage system, 
instrument transformers are used for measuring large currents, so that heavy leads to the instrument 
panel and to the ammeter and other current terminals are avoided. 

The principle of the instrument transformer is fundamentally the same as that of the power 
transformer. The instrument transformers are classified as follows : 

1. Potential transformers. 

2. Current transformers. 

11.19.1. Potential Transformers (P.T.) 

— A potential transformer is a step down trans¬ 
former used along with a low range voltmeter 
for measuring a high voltage. The primary is 
connected across the high voltage supply and 
the secondary to the voltmeter or potential 
coil of the wattmeter. 

Fig. 11.11. Potential transformer connections. 

Downloaded From : www.EasyEngineering.net 















Downloaded From : www.EasyEngineering.net 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


11.9.2. Current Transformers (C.T.) 

— Just as a shunt extends the range of a D. C. ammeter, so does the current transformer perform 
the same function in AC. circuits. Thus a high magnitude alternating current can be easily 
measured by a combination/^ a current transformer and a low range ammeter. 



Fig, 11,12 Line conductor acting as primary. Fig. 11.13. Current transformer connections. 

— The primary of a current tansformer (C.T.) consists of a few turns of thick cross-section 
connected in series with the high current line. Very often the primary isjust one turn 
formed by taking the line conductor through the secondary winding (Fig. 11.12). The 
secondary winding consists of a large number of turns of fine wire designed for either 
5 A or 1 A rating. Thus a current transformer is step-up transformer. The current 
transformer has the secondary effectively short-circuited through the low impedance 
of the ammeter. Fig. 11.13 shows the current transformer connections. 

11.20. INDUCTION REGULATORS 

• The induction regulator is really a special type of potential transformer with primary 
winding mounted on a cylindrical core that may be turned on its axis. The secondary 
winding is stationary. Both windings are mounted in slots, much as are the windings 
of an induction motor. A small air gap separates the stator from the rotor. 

• Regulators of this type are used to regulate the voltage on single-phase feeder circuits. 
Voltage drop in the feeder is compensated for by the voltage induced in the secondary 
of, the regulator. 

A wiring diagram of the electrical connections is given in Fig. 11.14. 



Fig. 11.14. Wiring diagram of induction regulator in a transmission line. 

Since the maximum voltage induced in the secondary can be made to add directily or 
subtract directly from the line voltage by rotating the primary through an angle of 180°, the 
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regulator is capable of ‘boosting or ‘ bucking 1 the line voltage; in the 90° position, no voltage is 
induced in the secondary. Fig. 11.15, shows the electrical connections to the regulator feeder. 



(a) Neutral 




i 


(c) Queuing 


Fig. 11.15. Circuit connections for reeder regulator. 

• The induction regulator is essentially a 
speciaiJy constructed transformer in which 
the amount of flux set up by the primary is 
constant but that portion of the flux linking 
the secondary is variable. It thus has a 
variable co-efficient of coupling, somewhat 
similar to that in the constant-current 
transformer. In the induction regulator, 
however, the spacing between the axis of 
the coils is varied (Fig. 11.16.). The primary 
is wound on a movable , core while the 
secondary is fixed on the stator. In Fig. 

11.16, the axes of both the coils conicide, 
and since maximum flux linkage is 
obtained, the secondary induced voltage is 
likewise a maximum. The primary may be 
rotated through 180°, thereby giving 
another maximum secondary voltage 
position 180° electrical degrees out of phase 
with the first one. 

When axes of the coils are 90° apart, little or no voltage is induced in the secondary , since 
the flux linkage is at a maximum. However, the secondary coil may still carry considerable 
current due to the load circuit. With the little flux linking the coils, the secondary alone now 
sets up its own flux, and thus acts as a high-reactance cod in series with the load. In order to 
overcome this reactive volt drop, a short-circuited winding is placed on the rotor. The axis of 
the third winding is 90° from that of the primary winding Fig. 11.17. The secondary coil flux 
thus induces a voltage in the short-circuited winding, and the resultant current produces a flux 
opposing that caused by load current. This reduces the net flux, and hence the series-re active 
volt drop. 

Advantages. The induction regulator : 

( i ) provides stepless voltage variation without any arcing or short-circuiting of turns as 
in the case of transformers; 

(ii) is reliable in operation because of the absence of any parts subject to wear; 

(Hi) has simple and rugged construction; 

(iv) can withstand overload well; and 
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Fig. 11.16. The induction regulator 
maximum-voltage position. 
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Primary 



Fig. 11.17. Induction regulator with short circuited winding. 

( v) is not affected by load and power-factor variations. 

Applications: 

1. Automatic induction regulators, which can hold voltage within ± 1%, are ideally suited 
for applications requiring constant voltage , as in the field of electronics and control circuits. 

2 . Lighting circuits can be supplied through induction regulators, where lighting and 
power circuits are supplied from the same bus and are thus subject to wide fluctuations of voltage. 

3. Induction regulators can also be used for speed control of variable speed devices. 

Hand-operated induction regulators are used in laboratories for providing smooth variable 

voltage over a range of 0 to 200 % of the normal voltage for calibration and testing work, and in 
theatres for light control. 

11.21. HIGH FREQUENCY TRANSFORMERS 

The lamination thicknesses, beyond the normal power frequency range at frequencies 
higher than 50-60 Hz, have to be reduced to control the iron losses to an acceptable level. If the 
operating frequencies extend beyond a few kilocycles per second, it becomes necessary to use iron- 
dust cores or the ferrites, special oxides which exhibit reasonably good magnetic properties with 
very small eddy-current losses. 

In such transformers, variable frequency is the normal operating condition and as the 
frequency increases , the significance of the elements in the equivalent circuit changes. 

• At very low frequencies, for example, the magnetising reactance is small enough to 
be comparable with or even less than load impedance so that this tends to be ‘ shorted 
out 1 and the secondary terminal voltage is greatly reduced. 

• In the intermediate frequency range, X m is high enough for its effects to be neglected 
and the leakage impedance absorbs only a moderate fraction of the available voltage. 

• With further increase of frequency, however the leakage reactance drop tends to cause 
the output voltage to fall appreciable again. 

Capacitance between turns and between the windings and earth can no longer be ignored 
since these are shunted across the circuit in a distributed fashion causing behaviour similar to 
a leading power-factor load. 

The design problem here is to ensure the transfer, from primary to secondary, without 
excessive distortion, of an input signal having many frequency components; for example a pulse 

Downloaded From : www.EasyEngineering.net 




Downloaded From : www.EasyEngineering.net 


transformers _ n 17 

I 

of voltage or an input having the complex frequency spectrum of a musical note. In the high- 
power field too, with the advent of theyristor inverters, supply voltages may be far from sinusoidal 
and may appear as castellated or other compositive waveforms. 

11,22. TRANSFORMER SPECIFICATIONS 

The transformer Specifications giveJjte rating and performance expectations of the 
tranformer . These are broadly as mentioned below : 

1. kVA rating; 

2. Rated voltage; 

3. Number of phases (1-phase or 3-phase) 

4. Rated frequency; 

5. Connections (A or Y for 3-phase transformer); 

6. Tappings if any; 

7. Type of core (core or shell); 

8. Type (power or distribution); 

9. Ambient temperature (generally average 40°C) 

10. Type of cooling. 

(0 Cooling medium — air, oil or water 

( ii ) Circulation type — natural or forced 

(iii) Simple or mixed cooling. 

11. Temperature rise above ambient in °C depending upon the class of winding insulation. 

12. Voltage regulation 

( i ) Per cent or per unit at full-load at 75°C unity p.f. or 0-8 p.f. lag 

(ii) Impedance per cent or per unit 

(iii) Reactance—per cent or per unit. 

13. No-load current in amperes or per cent of rated current at rated voltage and rated 
frequecy. 

13 

14. Efficiency in per cent or per unit at full load, — load, -j load at unity p.f. or 0.8 p.f. 
kVA rating : 

• The kVA rating is the kVA output which the transformer can deliver at rated voltage 
and frequency under usual operating condition exceeding the standard limits of 
temperature rise . 

The kVA figures always refer to the output kVA appearing at the secondary load 
terminals; the input kVA, of course, is slightly higher because of internal losses (core 
and winding losses). 

• Rated secondary voltage is the voltage that appears across the secondary terminals 
when rated current flows. 

• The rated primary voltage is equal to the rated secondary voltage multiplied by the 

Ni 

turn-ratio between primary and secondary, i.eV 1 (rated) = V 2 (rated) x ~^T. 

IS Specifications : 

1. Outdoor type distribution transformers (IS : 1180-1964) : 

• Standard ratings : 16, 25, 40, 50, 63, 80 and 100 kVA. 
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• No-load voltage ratios : 3300/433 V, 6600/433 V and 11000/433 V. 

• Tappings: Shall be provided on h.v. side in 5 steps. The ranges shall be± 2.5% and 
± 5% off-load tap changers to be used. 

• Connections: A/Y (Dy 11) with neutral brought out to a separate insulated terminal. 

• Cooling: By low viscosity transformer oil. , 

• Conservator tank . To be provided on transformer of rating 50 kVA or above. 

• Limits of temperature rise : 

The following temperature rises shall be permitted over the ambient temperature of 
45°C : 

(i) .Winding (temperature to be measured by resistance method).55°C 

(ii) Oil (temperature rise to be measured by thermometer in the top oil) .....45°C 
The above temperature rises are for ON, OB, OW type cooling. 

• Impedance: 4.5% at 75°C, subject to the tolerance limit of ± 10%. 

2. Power transformers (IS : 2026-1962): 

• Standard ratings (for 3-phase transformers): 25,40,63,100,125,160,200,250, 315, 
400,500,630,822,1000,1250,1600,2000,2500,3125,4000,6300,8000,10000,12500, 
16000,20000,25000,31500,40000,50000,63000 and 80000 kVaA. 

Standard ratings (for 1-singlel phase transformers): 1, 2, 5,10,16 and 25 kVA. 
Above 25 kVA, the standard rating for single phase transformers shall be one-third 
of the value given for 3-phase transformers. 

• Tappings: The standard tapping ranges are 2^-% ± 5%. The changing is carried out by 

means of an externally operated off-circuit switch capable of being locked in position. 

• Limits of temperature rise: 

(i) Windings (measured by resistance) .55°C (ON, OB, OW cooling) 

.60°C ( OFN ; OFB cooling) 

.65°C (OFW cooling) 

(ii) Oil (measured by thermometer in top oil).all types .... 45°C. 

(iii) Cores.core shall be desgined so that the temperature rise on any part of the 

external surface does not exceed that of the winding. 

• Impedance : 4.5% at 75°C, for transformers of rating upto an including 100 kVA, 11 
kV and 4.75% for transformers of rating above 100 kVA including 1000 kVA, 11 kV. 

WORKED EXAMPLES 


Example 11.1 .A single-phase transformer is connected to a 230 V, 50 Hzsupply. Thenet 
cross-sectional area of the core is 60 cm 2 . The number of turns in the primary is 500 and in the 
secondary 100. Determine: 

(i) Transformation ratio. (ii) E.m.f. induced in secondary winding, 

(iii) Maximum value afflux density in the core. 


Solution. Primary turns, 
Secondary turns, 

Primary voltage, 

Core area, 

(i) Transformation ratio, K : 


N, = 500 
N, = 100 
E x = V x = 230 V 
a - 60 cm 2 = 60 x 10 -4 m 2 


g nj dtftfe cL Ijyam : www.EasyEngineering.net 

N 2 500 
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Hence, K = 0.2 (Ans.) 

(ii) Maximum value of flux density, B max : 
Using the e.m.f. equation E x = 4.44 /<j> 


or 




max ^1 

230 = 4.44 x 50 x <|> max 
230 

4.44x50x500 


x 500 

= 0.00207 Wb 


Now, 


B max = = ° 0020 ^ = 0.345 T 

“ A 60xl0' 4 

[where T stands for tesla (Wb/m 2 )] 

Hence, B max = 0.345 T. (Ans.) 

(iii) E,m.f. induced in the secondary winding, E 2 : 


Using the relation, 


E 2 _ N 2 
E x " N t 

e 2 = 100 

E x 500 

E 2 = 46 V. (Ans.) 

Example 11.2. A single-phase transformer has the following data: 

Trun ratio 20:1; R t = 20 Q, X 2 = 80 Q; R 2 = Q.04 Q; X 2 = 0,2 Q. No-load current = 1.2 A 
leading the flux by 30 °. 

The secondary delivers 180 A at a terminal voltage of 400 V and at a power factor of 0.8 
lagging. Determine by the aid of a vector diagram : 

(i) The primary applied voltage 

(ii) The primary power factor. 

(iii) The efficiency. 

Solution. Refer Fig. 11.17: 

(: i ) Primary applied voltage, V 1 : 

Taking V 2 as the reference vector 
V 2 = 400 Z0° = 400 +j0 
I 2 = 180(0.8 - j0.6) = 144 -jl08 
Z 2 - (0.04 +./ 0 . 2 ) 

= (400 + jO) + (144 -j 108) x (0.04 + j0.2) 

= 400 + (5.76 + j28.8-j4.32 + 21.6) 

= (427.36 + j24.48) = 428.1 Z3.28° 

Obviously, 

P = 3.28° 

Ei = ^- = 20 & 2 = 20(427.36 + 7 24.48) = 8547 + ;490 

K Fig. 11.17. 
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- E x 8547 -j490 = 8561 Z 183.28° 

Secondary current referred to primary, 

h = -KI 2 = ( -~* 44 + ' /108 > = -7.2 + >5.4 
20 

As seen from Fig. 11.17, J 0 leads V 2 by an angle 
3.28° + 90° + 30° = 123.28° 

I 0 = 1.2 Z123.28® = 1.2(cos 123.28° + > sin 123.28°) 
= 1.2 (- 0.548 +>0.836) = - 0.657 + >1.003. 

Primary current, 


/i = -I 2 +1 0 = (-7.2 + >5.4) + (-0.657 + >1.003) = -7.857 + >6.403 = 10.14 Z140.8° 

Vi = -Ei + hZi = (-8547 - >490) + (-7.857 + >6.403)(20 + >80) 

= - 8547 ->490 + (- 157.14 ->628.56 + >128.06 - 512.24) 

= - 9216.38 ->990.5 = 9269 Z186.13 0 . (Ans.) 

(ii) Primary power factor, cos <J>j : 

Phase angle between V l and I v 

<j>i = 186.13° - 140.8° = 45.33° 

.•. Primary power factor = cos 45.33° = 0.703 (lag). (Ans.) 

( iii ) Efficiency: 

No-load primary input power 

= V l I l cos $ 0 = 9269 x 1.2 x cos 60° = 5561.4 W 

1^2 = 1^ + K 2 Ri = 0.04 + ^ j x 20 = 0.09Q 

Total copper losses as referred to secondary 

I$Bo 2 = (180) 2 x0.09 = 2916 W 

Output = VgZg cos <[>2 = 400 x 180 x 0.8 = 57600 W 

Total losses = 5561.4 + 2916 = 8477.4 W 

Input= Output + Losses = 57600 + 8477.4 = 66077.4 W 

.-. Efficiency, t\ = = - - -= 0.872 or 87.2% (Ans.) 

input 66077.4 

Example 11.3. A 4 kVA 400/200 V, 50-Hz single-phase transformer has the following test 

data; 

O.C. test (l.v. side) 200 V, 1 A, 64 W 
S.C. test (h.v. side) 15 V, 10 A t 80 W 
Determine: 

(i) Equivalent circuit referred to l.v. side , and 

(ii) Secondary load votlage on full-load at 0.8power factor lagging. 

Solution, (i) O.C. test—l.v. side : 

Voltage, V 0 = 200 V 
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No-load current, 
No-load loss, 
Now, 


I 0 = 1A 

P 0 = 64W 


P o ~ Vo cos 4> 0 

64 = 200 x 1 x cos <t> 0 

cos <j) 0 = 0.32 
sin <|> 0 = 0.9474 

Wattful component of no-load current, 

I w ~ I 0 cos <fr 0 = 1 x 0.32 = 0.32 A 
Magnetising component of no-load current, 

I m = J 0 sin 4> 0 = 1 x 0.9474 = 0.9474 A 
Resistance representing the core loss, 

_Vq_ 200 


*o = f = 


= 625 n. (Ans.) 


Magnetising reactance, -Xo = 


= A = . 


200 

0.9474 


= 211.1 Q (Ans.) 


S.C. test —h.v. side : 

Short-circuit voltage, 

Short-circuit current, 

Losses, 

Impedance of the circuit referred to h.v. side 


Vo C = 15 V 

4c =10A 
p sc = 80 W 


_ Vcr 15 

z ° 1_ i^"io =1 * 5q(Ams *) 


Also 


Psc = Isc*Po i 

80 = 10 2 x R 01 
SO 

4n = rrr = 0.8 Q. (Ans.) 


11.21 



Referred to l.v. side : 

m „ 200 1 
Transformation ratio, = — 
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Z 02 = K 2 Z 01 = j x 1.5 = 0.375 Cl. (Ans.) 
Ro 2 = K 2 Rqi = f-|j x0 8 = 0.2 Cl. (Ans.) 


X 02 = fz 2 2 -i& = a /( 0 . 375 ) 2 -( 0 . 2) 2 = 0.3172 O. (Ans.) 

The approximate equivalent circuit is shown in Fig. 11.18 
(ii) Secondary load voltage, V 2 : 

Secondary full-load current, h - = 20A 

200 

cos <|> 2 = 0.8 
sin <|> 2 = 0.6 

J 2 = 20(0.8 - 7 O. 6 ) = ( 16 - 712 ) 

* Zqz = ^02 + 7^02~ +7*0.3172 

Secondary load voltage, V 2 = 200 -/ 2 Z 02 = 200 - (16 - jl 2 )( 0.2 + 70 . 3712 ) 

= 200 - (3.2 + 7*5.075 -72.4 + 3.806) 

= 200 - (7 +7*2.675) = 193 - 72.675 a 193 V. (Ans.) 
Example 11.4. The following test results were obtained in a 250/500 V transformer: 
O.C. test (l.v. side): 250 V, 1 A, SO W. 

S.C. test (l.v. winding short-circuited): 20 V, 12 A, 100 W. 

Determine: 

(i) The circuit constants. 

(ii) The applied voltage and efficiency when the output is 10 A at 500 Vand 0.8 power factor 
logging. 


Solution. Transformation ratio, K - 


500 

250 


= 2 


(i) Circuit constants: 
O.C. test (l.v. side) 
Voltage, 

No-load current, 
No-load loss, 

Also, 


V l = 250 V 

7 0 =iA 

P 0 = 80W 

Pq = VJo cos <|> 0 

80 = 250 x 1 x cos ((i 0 


cos <|>o = —= 0.32 
Y0 250 

Wattful component of no-load current I Q , 

I w = / 0 cos 4> 0 = 1 x 0.32 = 0.32 A 
Magnetising component of no-load current, I 0 , 


I m = V 7 o - % = V/ 2 - 0.32 2 = 0.95 A 
Now, resistance representing the core loss, 



250 

0.32 


= 781.25 Cl. (Ans.) 
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v _ Vi _ 250 

Magnetising reactance, A o - — - = 263.16 Q. (Ans.) 

S.C. test (Lu. winding short-circuited) 

Short-circuit voltage V sc = 20 V 

Short-circuit current, I sc = 12 A 

Losses, P sc = 100 W 

As the primary is short-circuited all values refer to secondary winding . 

% -trS- a694n 

Z 0 2=^ =-^ = 1.6770 
*SC 12 

and X 02 = = V0667)Mo!694)2 =1.5160 

As R 0 arid X 0 refer to primary, let us transfer these values to primary as follows : 


■Rdi = 

. Rq2 _ 
' K 2 ~ 

0.694 

(2) 2 

= 0.174 

Xoi = 

■Xq2 

1.516 


= K 2 ~ 

(2) 2 

= 0.38 n 

Zoi - 

Zq2 

1.669 


1 K 2 ~ 

(2) 2 . 

= 0.417 Q 


The equivalent circuit is shown in Fig. 11.19. 



(ii) Applied voltage V 2 ': 

The applied voltage Vj' is the vector sum of V 1 and I X Z 01 (Fig. 11.20) 
Output current, I 2 = 10 A 

J r = KI 2 = 2 x 10 = 20 A 
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C 



Fig. 11.20. 

Now, /jtfo! = 20 x 0.174 = 3.48 V 

/j-Xq! = 20 x 0.38 = 7.6 V 

Refer Fig. 11.19. Neglecting the angle between and Vj', we have 

OC 2 = OD 2 + DC 2 


OC = Vi = ,J(OE + ED) 2 + (DB + BC) 2 


— yfiYi cos^i + I\Rqi) 2 + (Visincjii + JiXoi) 2 

= V(250x0.8. + 3.48) 2 + (250x0.6 + 7.6) 2 = 257.4 V 
Hence, applied voltage = 257.4 V. (Ans.) 

Efficiency: 

Iron loss, P. = 80 W 


Total copper loss, 

Total loss, 

Output 

Efficiency 


P c = 7|Pb 2 = 10 2 x 0.694 = 69.4 W 
= P- + P c = 8° + 69.4 = 149.4 W 
= 500 x 10 x 0.8 = 4000 W 

output 4000 


T1=- 


= 0.964 or 96.4% (Ans.) 


output + losses 4000 +149.4 
Example 11.5. A 25-kVA, 2200/220 V, 50-Hz distribution transformer is tested for 
efficiency and regulation as follows : 

O.C. test (7.u. side): 220 V, 4 A, 150 W. 

S.C. test (h.v . side): 90 V, 10 A, 350 W- 
Determine: 

(i) Core loss, 

(ii) Equivalent resistance referred to primary , 

(Hi) Equivalent resistance referred to secondary, 

(iv) Equivalent reactance referred to primary, 

(v) Equivalent reactance referred to secondary, 
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(vi) Regulation of transformer at 0.8power factor lagging current, and 
fvii) Efficiency at full-load and half-load at 0.8 power factor lagging current. 


Solution. Transformation ratio, K = 


220 

2200 


10 


(i i) Core loss : 

Since no-load primary input is practically equal to the core loss, hence, core loss as found 
from no-load test, is 150 W. (Ans.) 

(ii) From S.C. test: 


V sc = 90 V (short-circuit voltage) 
I sc =10 A (short-circuit current) 
P sc = 350 W (Copper loss) 
Equivalent resistance referred to primary, 


(Hi) Equivalent resistance referred to secondary, 



= 0.035 Q. (Ans.) 


(iv) Also *01 - - ^ = 9 n 

Equivalent reactance referred to primary, 

Xoi = = V9 2 -3.5 2 = 8.29Q 

Equivalent reactance referred to secondary, 

X 02 = K 2 X 0 ! = ^A j X a 29 = 0.0829 fl. (Ans.) 

(vi) % regulation: 

Let us find the rise in voltagee necessary to maintain the output terminal voltage constant 
from no-load to full-load. 


Rated primary current 
Now, using the relation, 


25x1000 

2200 


11.36 A 


Vi = cos<j> + I^Rof +(V lS in«t. + hX m f 


= V(2200x 0.8 +11.36x 3.5) 2 + (2200x 0.6 + 1L 36x 8.29) 2 
= 2289 V (app.) 


/. % regulation 



xl00 


2289-2200 

=-——-xl00 = 4.045%. (Ans.) 

2200 

We can get the same result by working in the secondary: 

Rated secondary current, 


/„ = A = 1136 = H3.6 A 


K 1/10 
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0^2 = ^2 cos $ + ^ 2^02 ) 2 + 04 sin <i> + ^ 2^02 ) 2 

= V(220x0.8 + 113.6x0.035) 2 + (220x0.6 + 113.6x0.0829) 2 

= 228.9 V 


/. % regulation - "°^ 2 y 2 “ ? " x 100 = = 4.045% (Ans.) 

(oil) Efficiency: 

Copper loss, P £ = 150 W 

Copper loss at full-load, 

P c = J 2 ifo = 11.36 2 x3.5 = 451.7W 

Copper loss at half-load, 

= x3.5 = H2.9W 

.'. Efficiency at full-load 


_ output _ 25x1000x0.8 _ 

output + i^ + P C (25xl000x0.8) + 150 + 451.7 
= 0.9707 or 97.07% (Ans.) 

Efficiency at half full-load, 


_ (25x1000/ 2)xQ,8 

(25x1000 / 2)x 0.8 +150 +112.9 “ 0-9744 or 97 - 44% (Ans.) 
Example 11.6. A 40 kVA, single-phase transformer has an iron loss of 300 W and full¬ 
load copper loss of 600 W. 

(i) Find the loadl at which maximum efficiency occurs and the value of maximum 
efficiency at unity power factor. 

(ii) If the maximum efficiency occurs at 80% of full-load, find the new core loss and full¬ 
load copper loss assuming that total full-load loss is a constant . 

Solution. Rating of transformer = 40 kVA 

Iron loss, P. = 300 W 

Full-load copper loss, P c = 600 W 

(i) Let the maximum efficiency occurs at x times full-load, then 

*?p c =p i 


or 



300 = 0.707 = 70.7% 
V 600 


Hence, efficiency occurs at 70.7% of full-load. (Ans.) 

Maximum efficiency: 

Output at unity power factor 

= 0.707 x 40 x l = 28.28 kW 
Total losses = P t + P c = 2 P i 

= 2 x 300 = 600 W [Because when efficiency is maximum 

= 0.6 W [ Pi = P c 

.*. Maximum efficiency 


output 

output + losses 


28.28 
28.28 + 0.6 


= 0.9792 or 97.92%. (Ans.) 
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(ii) New core loss, Pj': 

New copper loss, P c ': 

Maximum efficiency occurs at 80% of full-load 

Now, P.' + P c ' = P- + P c (given) 

= 300 + 600 = 900 W 


Also 


or 



= 0.3902 


or r 



0.64 


or 


0.3902 

900 


P/ = 351.2 W 

and , Pc ' = 900 - P/ = 900 - 351.2 = 548.8 W 

Hence, new iron loss = 351.2 W. (Ans.) 
new copper loss = 548.8 W. (Ans.) 

Example 11.7. The maximum efficiency of a 3-phase 11000/400 V, 500 kVA transformer 
is 98,8% and occurs at 80 % full load , unity power factor. Its percentage impedance is 4.5%, Load 
power factor is now varied while the load current and the supply voltage are held constant at 
their rated values, Determine the load power factor at which the secondary terminal voltage is 
minimum and find the value of the latter, (GATE, 1993) 

Solution. Rating of transformer: 11000/400 V, 500 kVA 
Maximum efficiency =98.8% at 80% of load 

Percentage impedance = 4.5% 


Load at maximum efficiency 


= Full load kVA x 


I 


_ Iron losses _ 

Full load copper losses 


.*. 80% full load 


= Full load x 


V 


_ Iron losses _ 

Full load copper losses 


Iron losses _ 

Full load copper losses 
= 0.64 x Full load copper losses 
= 500 kW 

= 500 x 0.988 = 494 kW 

= Copper losses at maximum efficiency + Iron losses 
= (500 - 494) x 10 3 = 6000 W 
At maximum efficiency, copper losses = iron losses 

/. Copper losses at maximum efficiency = = 3000 W 

Since maximum efficiency is at 80% of full load 

Full load copper losses = (0^8)^ = ^ 

3I*Roi = 4687.5 


0.64 

Iron losses 

Input at unity power factor 

Output 

Total losses 


where, 


= 50QX10 3 _ 26.243 A. (Ans.) 
1 V3x 11000 
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Percentage impedance 
Actual impedance 


= Jrtfc - ( JSSSf x 4687 5 , 

^ Uioooj 3X(26.243) 2 

= 0.003 Q 
= 4.5% 

11000jL4£ = 1089Q 
V3X26.43J 100 

X 0 i = Bgj = Vl0.892-2.27 2 = 10.65Q 




noooj 


r x2 

X 02 = K 2 Xoi = fY jooOJ * 10,65 = °* 014n 

Drop due to this resistance and reactance = 7 2 (i2 02 cos 4) + X 02 sin <|>) 

For terminal voltage to be minimum the drop will be maximum, 

^jr^- = h(-Ro 2 sin<|> + Xo 2 cos<t>) = 0 

GW? 

i? 02 sin<t> = X 02 cosf 

or = 4-667 or tan «j) = 4.667 .\ <|> = 78 0 

cos<|) R 02 0.003 y r 

Thus load power factor for minimum voltage = cos 78° = 0.21 (lag). (Ans.) 

Example 11.8. In a 50 kVA, 11 kV/400 Vtransformer, the iron and copper losses are 500 
W and 600 W respectively under rated conditons. 

(i) Calculate the efficiency on unity power factor at full load. 

(ii) Find the load for maximum efficiency and the iron and copper losses corresponding 
to this load. 

Solution. Given : Rating of transformer = 5ft kVA; P- = 500 W; P c = 600 W; cos <j> = 1. 

( i ) Efficiency on unity power factor at full load : 

full load kVAxp.f. 

^ full load kVA x p .f. + P; + P c 


50x103x1 

soxio^i + soo+eoo 

(ii) Load for max. r\ and iron and copper losses : 


= 0.9785 or 97.85% (Ans.) 


Load for r\ max = 50 kVA = 45.64 kVA (Ans.) 

Iron loss = copper loss = 500 W. (Ans.) 

Example 11.9. A single phase transformer has percentage regulation of i^and 4.4 for 
lagging power factor of 0.8 and 0.6 respectively. The full load copper loss is equal to iron loss. 
Calculate: 

(i) The lagging power factor at which full load regulation is maximum. 

(ii) The full load efficiency at unity power factor . (UPSC, 1996) 

Solution. Let percenage resistance and reactance drop be v R and v x respectively. 
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Percentage regulation = v R cos <|> + u^sin <j> where cos <|> is load power factor. 

For 0.8 lagging p.f., % age regulation = v R x 0.8 + v x x 0.6 = 4 
For 0.6 lagging p.f. % age regulation = v R x 0.6 + v x x 0.8 = 4.4 
Solving equations ( i ) and ( ii ), we get 

v R = 2.0 and = 3 

Percentage copper loss = Percentage resistance drop = 2% of the output 

Percentage iron loss -- Percentage full-load copper loss = 4% of the output 

(i) The lagging p.f. at which full load regulation is maximum: 

Full-load voltage regulation will be maximum for load p.f. of 


...(ii) 


cos<j> = cos 


tan- 1 4^ , 

#02 J 


- cos 


cos|^ tan 


'ih- 


4472 lag. (Ans.) 


(ii) The full-load efficiency at unity power factor : 

output 


Full-load efficiency 


n = 


output + losses 
100 


= 0.9615 or 96.15% (Ans.) 


100 + 2 + 2 

Example 11.10. (a) What is meant by similar polarity ends of the two windings of a single 
phase transformer ? How are these ends identified ? 

(b) A 15 kVA, 2300/230 V t 50 Hz single phase transformer gave the following test data: 
Open Circuit Test V Q - 2300 V, I Q = 0.21 A 


Short Circuit Test 


P 0 = 50W 

Vq C = 47 V, I qr = 6.0 A 


' sc 

P sc = 160 W 


(i) Find the equivalent circuit referred to high voltage side. 

(ii) Calculate the full load voltage regulation at 0.8 p.f. lagging when the load votlage is 
held at 220 volts. 

(Hi) What is the efficiency at half the rated load at unity p. f. ? 

(iv) Find the maximum efficiency and corresponding output power. 

(c) State reasons for using tertiary windings in a transformer. (UPSC, 1997) 

Solution, (a) Refer Fig. 11.21. 


For polarity, dots are provided on the 
diagram. These dots help to determine the 
polarity of the voltages and currents in the core. 
The physical significance of the dot convention 
is that a current flowing into the dotted end of a 
winding produces a positive m.m.f., while a 
current flowing into the undotted end of a 
winding porodces a negative m.m.f. Therefore, 
two currents, both flowing into the dotted end of 
their respective windings, produce m.m.fs that 
add together. If one current flows into a dotted 
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Fig. 11.21. 
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end of a winding and flows out of a dotted end, then m.m.f.s will subtract from each other. 

(b) From the given data, open circuit test and short circuit test are both carried out on 
high voltage side and hence results will directly lead to equivalent circuit referred to high voltage 
side. 

(£) Equivalent circuit (h.v. side) 

Open circuit test: 

V 0 = V 1 = 2300 V, / 0 = 0.21 A, P Q = 50 W 
Full load copper losses, P c = P c = 160 11500^2300) j 2 = lg9 

Copper losses at half load = Q- j x 189 = 47.25 W. 

_ output power _ 

output power + iron losses + copper losses 


7500 

7500 + 50 + 47.25 


= 0.9872 or 98.72% (Ans.) 


(iv) Maximum efficiency and corresponding output power : 


Maximum efficiency occurs at 


I 


-= 0.5143 times the rated load. 

189 


Then, losses = 50 + 50 = 100 W or 0.1 kW 

Considering unity p.f.; load efficiency 


0.5143x15x1 
0.5143x15x1 + 0.1 


= 0.9872 or 98.72% 


Hence, the maximum efficiency is 98.72% and the corresponding load is nearly 51.43% 
of the rated load (= 7.714 kW). (Ans.) 

(c) Teritary winding is a delta connected winding added to the transformer , so that the 
third harmonic components of voltage in the delta causing a circulating current flow within the 
winding, are suppressed. This suppresses the third-harmonic components of voltage in the same 
manner as grounding the transformer neutrals. 

Example 11.11. A 40 kVA transformer has got a maximum efficiency of 97% at 80% of 
load at unity p.f\ During the day it is loaded as follows : 


No. of hours 

Load 

Power factor 

9 

6kW 

0.6 lag 

8 

25 kW 

0.8 lag 

7 

30 kW 

0.9 lag 


Find the all-day efficiency. 

Solution. Rating of transformer = 40 kVA 
Maximum efficiency = 97% 
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At maximum efficiency 

Iron loss = copper loss 
Output at maximum efficiency at unit p.f. 

= 0.8 x 40 x 1 = 32 kW 


Efficiency 


output 


0.97 = 


.-. Losses 


Iron loss 


output + losses 
32 

32 + losses 
32 


0.97 

0.989 


- 32 = 0.989 kW 
= 0.4945 kW 


Copper loss at 80% of load = 0.4945 kW 

0.4945 


Full-load copper loss 


= 0.7726 kW 


( 0 . 8) 2 

Iron loss for 24 hours (i.e., per day) 

= 0.4945x24 = 11.87 kWh 
Let P cl be the copper loss at 6 kW 

P c oc (kVA of transformer) 2 
P cl oc (kVA of load)2 

( kW of load f 


t power factor / 


kW of load 

p.f. 


\2 


£sL = . _ 

P c (kVA of transformer ) 2 

f-S-f fj_f 

p . \0.6j v p _ V0.6J v a 

= 0.04825 x 9 = 0.435 kWh 
\2 


7726 = 0.04828 kW 


Copper loss at 25 kW 


= iMlx 0 . 

(40 ) 2 


7726 = 0.4715 kW 


Copper loss for 8 hours at 25 kW 

= 0.4715x8 = 3.772 kWh 


Copper loss at 30 kW 


f—T 

10.9 J x 
(40) 2 


0.7726 = 0.5365 kW 


11.31 
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Copper loss for 7 hours at 30 kW 

= 0.5365 x 7 = 3.755 kWh 

Total losses/day = Copper loss/day + Iron loss/day 

= (0.435 + 3.772 + 3.755) + 11.87 = 19.832 kWh 
Total output/day =6x9 + 25x8 + 30x7 = 54 + 200 + 210 = 464 kWh 


.*. All-day efficiency 


output 

output + losses 


xl00 


464 

464 + 19.832 


xl00 = 95.9% (Ans.) 


Example 11.12. A 200/300 V auto-transformer draws power from a 200 V source and 
supplies a 5 kW load with a power factor of 0.8 lagging . A second load of 1.5 kW is supplied at 
unity power factor from 100 V winding. Neglecting losses , calculate the current drawn by the 
transformer from the 200 V line and its power factor. 

Solution. First load : 5 kW at 0.8 p.f. lagging. 

Second load : 1.5 kW at unity p.f. 

The connection diagram is shown in Fig. 11.22. 


Transformation ratio for primary and 5 kW load = —— = 1.5 

^uu 

Current drawn by the first load , 


I 5x1000 g 
300x0.8 


A 


Current drawn by primary to supply this load 

= 20.8 x 1.5 = 31.2 A.. 0.8 p.f. lagging 



Fig. 11.22. 


Current drawn by second load 


1.5x1000 

100 x1 


= 15 A 


Transformation ratio for primary and 1.5 kW load 


100 1 
200 2 
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Current drawn by primary to supply this load 

= ~ x 15 = 7.5 A.at unity power factor 

Hence total primary current drawn from the 200 V supply is the vector sum of 

(i) 31.2 A at 0.8 p.f. lagging, and 

(ii) 7.5 A at unity p.f. 

Resolving these currents into their X- and Y-components, we get 
X-component = 31.2 x 0.8 + 7.5 = 32.5 A 

Y-component = 31.2 x 0.6 = 18.7 A 

Total primary current 

/ 3 = 32.5 -Ey 18.7 = 37.5 A. (Ans.) 

32 5 

Power factor = -rr-r = 0.866 (Ans.) 

37.5 

Example 11.13. A 200 kVA, 2300/460 V, 50 Hz, 2-winding transformer is to be used as 
an auto-transformer to step-up the voltage of2300 V to 2760 V. If the transformer has an efficiency 
of 96% at 0.8p.f. lagging, impedance of 4% and regulation of 3% determine: 

(i) Voltage and current ratings of each side; 

(ii) kVA rating; 

(iii) Efficiency at unity power factor; 

(iv) Percentage impedance; 

(v) Regulation; 

(vi) Short-circuit current of each side; 

(viii) kVA transformed and kVA conducted at full load, while it is used as an auto¬ 
transformer. (Nagpur University) 

Solution. Given: Rating of 2-winding transformer = 200 kVA, 2300/460 V; 

T| = 96% at 0.8 p.f. lagging; Impedance = 4%; regulation = 3% 



(i) Voltage and current ratings of each side : 

Rated voltage of the auto-transformer on l.v. side is 2300 V and on h.v. side is 

= 2300 + 460 = 2760 V. (Ans.) 

The rated currents of h.v. and l.v. windings are respectively, 


^h.v. 


200x1000 

2300 


86.96 A 
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4v. = 


200x1000 

460 


= 434.8 A 


Rated current of h.v. side of the auto-transformer 

= rated current of 460 V side of the two winding transformer 
= 434.8 A. (Ans.) 

Ratdd current of 434.8 A in the l.v. winding needs, by transformer action, a rated current 
of 86.96 A in the 2300 V winding acting as the primary. 

Applying Kirchhoffs current law at point N, we get line current; 

I x = 434.8 + 86.96 = 521.76 A. (Ans.) 

(ii) kVA rating: 

kVA rating of the auto-transformer = 2760x434.8 _ ^200 kVA. (Ans.) 

1000 

Transformation ratio, K = 1- v - s ^ e vo y age = 230Q _ q 333 

h. v. side voltage 2760 

(iii) Efficiency at unity power factor : 

Power output of two-winding transformer at 0.8 p.f. lagging 

= 200 x 0.8 = 160 kW 


Full-load losses 


= input - output = output - 0 U tp U t 

efficiency 


160 

0.96 


160 = 6.667 kW 


Since the atuo-transformer operates at rated voltage and rated currents, the losses remain 
constant, i.e., 6.667 kW. 

Efficiency of auto-transformer for an output of 1200 x 1.0 kW is 

1200x1.0 


*1 = ' 


output 


output + losses 1200x1.0 + 6.667 
= 0.9945 or 09.45% (Ans.) 

Alternatively. Percentage full-load losses ait unity p.f. output as a two-winding 

6.667 


transformer 


200 


= 0.03333 or 3.333% 


Percentage full-load losses as an auto-transformer 

= (1 - K) x percent full-load losses as a two-winding transformer 
= (1 - 0.833) x 3.333 = 0.55% 

and auto-transformer full-load efficiency = 100 - percent full load losses 

= 100 - 0.55 = 99.45%, the same as before. 

(iv) Percentage impedance: 

Percentage impedance of two-winding transformer = 4% 

The ohmic drop at full load is the same in both losses. If the impedance drop is referred 
to h.v., side of the atuo-transformer (Fig. 11.23), the per unit or per cent drop in the auto¬ 
transformer is with respect to V x while that in the two-winding transformer it is with respect to 

Vi-V^Vjd -K) 

If the impedance drop is referred to h.v. side of the atuo-transformer (Fig. 11.23), then 
the winding current is 

Wi = / 2 (i-i0 

so the impedance drop with respect to J 2 is to be reduced (1 - K) times in the case of an auto¬ 
transformer. 
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Therefore, per unit or percent impedance drop in an auto-transformer 

= (1 - K) x per unit or per cent drop as a two-winding transformer 
= (1 - 0.833) x 4 = 0.668% (Ans.) 

(v) Regulation: 

As regulation is proportional to per unit or per cent impedance drop, so regulation in an 
auto-transformer 

= (1 -K) x regulation as a two-winding transformer 
= (1 - 0.833) x 3 = 0.5% (Ans.) 

(vi) Short-circuit current of each side : 

Short-circuit current as an auto-transformer 

= _ 1 _ 

per unit impedance of the auto - transformer 


1 

0.00668 


= 149.7 per unit 


01 _ ■ . . • , 149.7x434.8 .. - 

Short-circuit current on h.v. side =--= 65.09 kA. (Ans.) 

149.7x521.76 1A /A 

Short-circuit current on l.v. side =- iooO -=78.11 kA. (Ans,) 

(t tii) kVA transformed and kVA conducted at full-load : 

Here winding MN acts as an the primary and winding LN as the secondary. 


.-. kVA transformed 
kVA conducted 


86.96x2300 434.8x460 _ , „ rA , A v 

-iooo - ” 1000 = 200 kVA - <A ”> 

= 1200 - 200 = 1000 kVA. (Ans.) 


OBJECTIVE TYPE QUESTIONS 


A Choose the Correct Answer r 

11 . 1 . Which of the following does not change 
in a transformer ? 

(a) Current ( b ) Voltage 

(c) Frequency^ (d) All of the above 
11 . 1 . In a transformer the energy is 

conveyed from primary to secondary 

(a) through cooling coil 

(b) through air 
by the flux 

( d) none of the above 

11.3. A transformer core is laminated to 
(a) reduce hysteresis loss 

%4b) reduce eddy current losses 

(c) reduce copper losses 

(d) reduce all above losses 

11.4. The degree of mechanical vibrations 
produced by the laminations of a 
transformer depends on 

(а) tightness of clamping 

( б ) gauge of laminations 
(c) size of laminations 


\4d) all of the above 

11.5. The no-load current drawn by 
transformer is usually what per cent of 
the full-load current ? 

(a) 0.2 to 0.5 per cent 
2 to 5 per cent 

(c) 12 to 15 per cent 

(d) 20 to 30 per cent 

11 . 6 . The path of a magnetic flux in a 
transformer should have 

(a) high resistance ( 6 ) high reluctance 
(c) low resistance low reluctance 

11 . 7 . No-load on a transformer is carried out 
to determine 

(a) copper loss 
lb) magnetising current 
' magnetising current and loss 
{d) efficiency of the transformer 

11 . 8 . The dielectric strength of transformer 
oil is expected to be 

(a) 1 kV \M 33 kV 

(c) 100 kV (d) 330 kV 
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11.9. Sumpner’s test is conducted on trans¬ 
formers to determine 
(of temperature ( b) stray losses 

(c) all-day efficiency 
id) none of the above 

11.10. The permissible flux density in case of 
cold rolled grain oriented steel is 
around 

Wl.7 Wb/m 2 (6) 2.7 Wb/m 2 

fc) 3.7 Wb/m 2 (d) 4.7 Wb/m 2 

11.11. The efficiency of a transformer will be 
maximum when 

(a) copper losses = hysteresis losses 

( b) hysteresis losses = eddy current los¬ 
ses 

(cl.eddy current losses = copper losses 
d3) copper losses = iron losses 

11.12. No-load current in a transformer 
'ScO lags behind the voltage by about 75° 

( b ) leads the voltage by about 75° 

(c) lags behind the voltage by about 15° 

(d) leads the voltage by about 15° 

11.13. The purpose of providing an iron core 
in a transformer is to 

(a) provide support to windings 

(b) ^reduce hysteresis loss 

icsf decrease the reluctance of the mag¬ 
netic path 

(d ) reduce eddy current losses 

11.14. Which of the following is not a part of 
transformer installation ? 

(a) Conservator ■(£>) Breather 

(c) Buchholz relay v (d) Exciter 

11.15. While conducting short-circuit test on 
a transformer the following side is 
short-circuited 

(a) . High voltage side 
\£i>) Low voltage side 

(c) Primary side (d) Secondary side 

11.16. In the transformer following winding 
has got more cross-sectional area 

h) Low voltage winding 

(b) High voltage winding 

(c) Primary winding 
(c?) Secondary winding 

11.17. A transformer transforms 

f ) voltage (6) current 

) power (d) frequency 

V 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

11.18. A transformer cannot raise or lower the 
voltage of a D.C. supply because 

{a) there is no need to change the D.C. 
voltage 

(6) a D.C. circuit has more losses 

(c) /Faraday’s laws of electromagnetic 
'/ induction are not valid since the 

rate of change of flux is zero 

(d) none of the above 

11.19. Primary winding of a transformer 

(а) is always a low voltage winding 

(б) is always a high voltage winding . 
(cV could either be a low voltage or high 

voltage winding 

( d ) none of the above 

11.20. Which winding in a transformer has 
more number of turns ? 

(a) Low voltage winding 
_,(£>) High voltage winding 

(c) Primary winding 

(d) Secondary winding 

11.21. Efficiency of a power transformer is of 
the order of 

(a) 100 per cent \ (6) 98 per cent 
(i c) 50 per cent id) 25 per cent 

11.22. In a given transformer for given ap¬ 
plied voltage, losses which remain con¬ 
stant irrespective of load changes are 

(а) friction and windage losses 

(б) copper losses 

. (c) hysteresis and eddy current losses 
(d) none of the above 

11.23. A common method of cooling a power 
transformer is 

(a) natural air cooling 

( b ) air blast cooling 

■- Cc) oil cooling (d) any of the above 

11.24. The no load current in a transformer 
lags behind the applied voltage by an 
angle of about 

(a) 180° (fc) 120° 

(c) 90° '\id) 75° 

11.25. In a transformer routine efficiency 
depends upon 

(a) supply frequency 

(b) load current 

(c) power factor of load 
-(d) both (6) and (c) 
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11.26. In the transformer the function of a 
conservator is to 

(а) provide fresh air for cooling the 
transformer 

(б) supply cooling oil to transformer in 
time of need 

(c) protect the transformer from damage 
V when oil expends due to heating 

(d) none of the above 

11.27. Natural oil cooling is used for trans- 
forrhers upto a rating of 

3000 kVA (6) 1000 kVA 

(c) 500 kVA (d) 250 kVA 

11.28. Power transformers are designed to 
have maximum efficiency at 

K.ftx) nearly full load (b) 70% full load 
(c) 50% full load (d) no load 

11.29. The maximum efficiency of a distribu¬ 
tion transformer is * 

(a) at no load \($fiat 50% full load 

(c) at 80% full load ^ 

(d) at full load 

11.30. Transformer breaths in when 
(a) load on it increases 

load on it decreases 

(c) load remains constant 

(d) none of the above 

11.31. No-load current of a transformer has 

(a) has high magnitude and low power 
factor 

(b) has high magnitude and high power 
factor 

(c) has small magnitude and high power 
factor 

has small magnitude and low power 
factor 

11.32. Spacers are provided between adjacent 
coiM 

(d) to provide free passage to the cool¬ 
ing oil 

(6) to insulate the coils from each other 

(c) both (a) and (6) 

(d) none of the above 

11.33. Grjs&ter the secondary leakage flux 
less will be the secondary induced 
e.m.f. 

(6) less will be the primary induced 
e.m.f. 


0 


(c) less will be the primary terminal 
voltage 

(d) none of the above 

11.34. The purpose of providing iron core in a 
step-up transformer is 

(а) to provide coupling between primary 
and secondary 

(б) to increase the magnitude of mutual 
flux 

(c) to decrease the magnitude of mag- 
^ netizing current 

(d) to provide all above features 

11.35. The power transformer is a constant 
(a) voltage device (6) current device 
(c) power device v^j' 1 'main flux device 

11.36. Two transformers operating in parallel 
will share the load depending upon 
their 

(a) leakage reactance 
\j£5) per unit impedance 
(c) efficiencies (d) ratings 

11.37. If R 2 is the resistance of secondary 
winding of the transformer and K is the 
transformation ratio then the equivalent 
secondary resistance referred to 
primary will be 

(a) R 2 IVK (6) R 2 IK 2 ■ 

(c) R 2 2 /K 2 (d ) R 2 2 IK 

11.38. What will happen if the transformers 
working in parallel are not connected 
with regard to polarity ? 

(а) The power factor of the two trans¬ 
formers will be different from the 

/power factor of common load 

(б) Incorrect polarity will result in dead 
short circuit 

(c) The transformers will not share 
load in proportion to their kVA 
ratings 

(( d) none of the above 

11.39. If the percentage impedances of the two 
transformers working in parallel are 
different, then 

(a) transformers will be overheated 
0 b ) power factors of both the trans¬ 
formers will be same 
(c) parallel operation will be not pos¬ 
sible 
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(d/parallel operation will still be possi- 
/ ble, but the power factors at which 
the two transformers operate will 
be different from the power factor 
of the common load 

11.40. In a transformer the tappings are 
generally provided on 

(a) primary side 

. (6 ^.secondary side 
\(pj low voltage side 
(d) high voltage side 

11.41. The use of higher flux density in the 
transformer design 

\Ja) reduces weight per kVA 

( b ) reduces iron losses 

(c) reduces copper tosses 

id) increases part load efficiency 

11.42. The chemical used in breather for 
transformer should have the quality of 
(a) ionizing air 

' absorbing moisture 

(c) cleansing the transformer oil 
id) cooling the transformer oil. 

11.43. The chemical used in breather is 
(a) asbestos fibre (6) silica sand 
(c) sodium chloride \silica gel 

11.44. * An ideal transformer has infinite values 

of primary and secondary inductances. 

The statement is 

(a) true \(o) false 

11.45. The transformer ratings are usually 
expressed in terms of 

(a) volts (6) amperes 

(c) kW v£$fkVA 

11.46. The noise resulting from vibrations of 
laminations set by magnetic forces, is 
termed as 

(a) magnetostrication 
(6/boo 

-4jf) hum (i d ) zoom 

11.47. Hysteresis loss in a transformer varies 
as CB max - maximum flux density) 

(a)B m ax N^Bmax 1 ’ 6 

(c)B m ax 1 ' 85 ( d)B m J A 

11.48. Material used for construction of trans¬ 
former core is usually 

(a) wood {b\ copper 

(c) aluminium ^jt) silicon steel 


11.49. The thickness of laminations used in a 
transformer is usually 

- Ja.) 0.4 mm to 0.5 mm 
(6) 4 mm to 5 mm 
(c) 14 mm to 15 mm 
{d)_ 25 mm to 40 mm 

11.50. The function of conservator in a trans¬ 
former is 

(а) to project against internal fault 

(б) to reduce copper as well as core 
losses 

(clto cool the transformer oil 
(a) to take care of the expansion and 
x / contraction of transformer oil due to 
variation of temperature of sur¬ 
roundings 

11.51. The highest voltage for transmitting 
electrical power in India is 

(a) 33 kV. (6) 66 kV 

(c) 132 kV h^/400 kV 

11.52. In a transformer the resistance bet¬ 
ween its primary and secondary is 

(a) zero (6) 1 ohm 

(c) 1000 ohms 4$ infinite 

11.53. A transformer oil must be free from 

(a) sludge (6) odour 

(c) gases \moisture 

11.54. A Buchholz relay can be installed on 

(а) auto-transformers 

(б) air-cooled transformers 
(c) welding transformers 

\£cT) oil cooled transformers 

11.55. Gas is usually not liberated due to dis¬ 
sociation of transformer oil unless the 
oil temperature exceeds 

(a) 50°C (6) 80°C 

(c) 100°C M^) 150°C 

11.56. The main reason for generation of har¬ 
monics in a transformer could be 

(а) fluctuating load 

(б) poor insulation 
(c)/mechanical vibrations 

\ (a) saturation of core 

11.57. Distribution transformers are generally 
designed for maximum efficiency 
around 

(a) 90% load (6)^zero load 

(c) 25% load Jtff) 50% load 


Downloaded From : www.EasyEngineering.net 


Downloaded From: www.EasyEngineering.net 


transformers 


.39 


11.58. Which of the following property is not 
necessarily desirable in the material 
for transformer core ? 

_ (a) Mechanical strength 

(6) Low hysteresis loss 

High thermal conductivity 
(i d ) High permeability 

11.59. Star/star transformers work satisfac¬ 
torily when 

(a) load is unbalanced only 
i(6) load is balanced only 

(c) on balanced as well as unbalanced 
loads 

(d) none of the above 

11.60. Delta/star transformer works satisfac¬ 
torily when 

(a) load is balanced only 
(6) load is unbalanced only 

(cY on balanced as well as unbalanced 
^ loads 

(d) none of the above 

11.61. Buchholz’s relay gives warning and 
protection against 

electrical fault inside the trans¬ 
former itself 

( b ) electrical fault outside the trans¬ 
former in outgoing feeder 

(c) for both outside and inside faults 

(d) none of the above 

11.62. The magnetising current of a trans¬ 
former is usually small because it has 

Xj(a) small air gap 

(b) large leakage flux 

(c) laminated silicon steel core 

(d) fewer rotating parts 

11.63. Which of the following does not change 
iman ordinary transformer ? 

Frequency (6) Voltage 

(c) Current 

(d) Any of the above 

11.64. Which of the following properties is not 
necessarily desirable for the material 
for transformer core ? 

(a) Low hysteresis loss 
(bLHigh permeability 

High thermal conductivity 
(d) Adequate mechanical strength 


¥ 


11.65. The leakage flux in a transformer 
depends upon 

s Ja)Toad current 
(6) load current and voltage 

(c) load current, voltage and frequency 

(d) load current, voltage, frequency 
and power factor 

11.66. The path of the magnetic flux in trans¬ 
former should have 

(a) high reluctance 
y fJPflow reactance 

(c) high resistance 

(d) low resistance 

11.67. Noise level test in a transformer is a 
(a) special test (6) routine test 

vi e ) type test 

(d.) none of the above 

11.68. Which of the following is not a routine 
test on transformers ? 

(a) Core insulation voltage test 

( b ) Impedance test 
\J^c^Radio interference test 

(d) Polarity test 

11.69. A transformer can have zero voltage 
regulation at 

xjfd) leading power factor 

(b) lagging power factor 

(c) unity power factor 

(d) zero power factor 

11.70. Helical coils can be used on 

/ 

Gar) low voltage side of high kVA trans¬ 
formers 

( b ) high frequency transformers 

(c) high voltage side of small capacity 
transformers 

(d) high voltage side of high kVA rating 
transformers 


11.71. Harmonics in transformer result in 

(a) increased core losses 

(b) increased I 2 R losses 

(c) magnetic interference with com¬ 
munication circuits 

¥$) all of the above 

11.72. The core used in high frequency trans¬ 
former's usually 

(a) copper core (6) cost iron core 
(p) air core (d) mild steel core 
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11.73. The full-load copper loss of a trans¬ 
former is 1600 W. At half-load, the copper 
loss will be 

(a) 6400 W (6) 1600 W 

(c) 800 W x (rf>400 W 

11.74. The value of flux involved in the e.m.f. 
equation of a transformer is 

(a) average value (6) r.m.s. value 
v(c) maximum value 

{d) instantaneous value 

11.75. Silicon steel used in laminations mainly 
reduces 

-. (a) hysteresis loss 

(b) eddy current losses 

(c) copper losses 

(d) all of the above 

11.76. Which winding of the transformer has 
less cross-sectional area ? 

(а) Primary winding 

(б) Secondary winding 

(c) Low voltage winding 
\Jjd$ High voltage winding 

11.77. Power transformers are generally 
designed to have maximum efficiency 
around 

(a)jtaro-load (6) half-load 

' d&f near full-load ( d ) 10% overload 

11.78. Which of the following is the main ad¬ 
vantage of an auto-transformer over a 
two winding transformer ? 

(a) Hysteresis losses are reduced 
\(^ESaving in winding material 
< (c) Copper losses are negligible 

(d) Eddy losses are totally eliminated 

11.79. During short-circuit test iron losses are 
negligible because 

(а) the current on secondary side is 
negligible 

(б) the voltage on secondary side does 
not vary 

% (c/the voltage applied on primary side 
^ is low 

(d) full-load current is not supplied to 
the transformer 

11.80. Two transformers are connected in 
parallel. These transformers do not 
have equal percentage impedance. This 
is likely to result in 
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(а) short-circuiting of the secondaries 

(б) power factor of one of the trans¬ 
formers is leading while that of the 
other lagging 

(c) transformers having higher copper 
losses will have negligible core los¬ 
ses 

(d) loading of the transformers not in 
proportion to their kVA ratings 

11.81. The changes in volume of transformer 
cooling oil due to variation of atmos¬ 
pheric temperature during day and 
night is taken care of by which part of 
transformer 

- (a) Conservator ( b ) Breather 

(c) Bushings (d) Buchholz relay 

11.82. Aiyideal transformer is one which has 

V x(a) no losses and magnetic leakage 

(6) interleaved primary and secondary 
windings 

(c) a common core for its primary and 
secondary windings 

(d) core of stainless steel and winding 
of pure copper metal 

(e) none of the above 

11.83. When a given transformer is run at its 
rated’ voltage but reduced frequency, 
its 

(а) flux density remains unaffected 

(б) iron losses are reduced 

(c) core flux density is reduced 

ore flux density is increased^ 

11.84. In an actual transformer the iron loss 
remains practically constant from no- 
load to full-load because 

(а) value of transformation ratio remains 
constant 

(б) permeability of transformer core 
remains constant 

\ (c) core flux remains practically cons¬ 

tant 

(d) primary voltage remains constant 

(e) secondary voltage remains cons¬ 
tant 

11.85. An ideal transformer will have maxi¬ 
mum efficiency at a load such that 

XdhrTcopper loss = iron loss 
(6) copper loss < iron loss 
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(c) copper loss > iron loss 

( d ) none of the above 

11 .86. If the supply frequency to the trans¬ 
former is increased,'the iron loss will 

(a) not change ( 6 ) decrease 
r (e) increase (d) any of the above 

'11.87. Negative voltage regulation is indica¬ 
tive that the load is' 
i (a) capacitive only ( 6 ) inductive only 

(c) inductive or resistive 

(d) none of the above 

11 . 88 . Iron loss of a transformer can be 
measured by 

(a) low power factor wattmeter 

(b) unity power factor wattmeter 

(c) frequency meter 

( d) any type of wattmeter 

11.89. When secondary of a current trans¬ 
former is open-circuited its iron core 
will be 

(ajjifot because of heavy iron losses 
- kX taking place in it due to high flux 
density 

( 6 ) hot because primary will carry 
heavy current 

(c) cool as there is no secondary current 

(d) none of above will happen 

11.90. The transformer laminations are insu¬ 
lated from each other by 

(a) mica strip 
v ^( 6 ) thin coat of varnish 

(c) paper 

(d) any of the above 

11.91. Which type of winding is used in 3- 
phase shell-type transformer ? 

(a) Circular type \ib) "Sandwich type 

(c) Cylindrical type 

(d) Rectangular type' 

11.92. During open circuit test of a trans¬ 
former 

primary is supplied rated voltage 

(b) primary is supplied full-load cur¬ 
rent 

(c) primary is supplied current at 
reduced voltage 

( d ) primary is supplied rated kVA 

11.93. Open circuit test on transformers is 
conducted to determine 


(а) hysteresis losses 

( б ) copper losses 
L (cEcore losses 

(d) eddy current losses 

11.94. Short circuit test on transformers is 
conducted to determine 

(a) hysteresis losses 
^ C 6 )''copper losses 

(c) core losses 

(d) eddy current losses 

11.95. For the parallel operation of s ingle- 
phase transformers it is necessary that 
they should have 

(a) same efficiency 

(b) same polarity . 

(c) same kVA rating 

(d) same number of turns on the secon¬ 
dary side. 

11.96. The transformer oil should have . 

volatility and.viscosity. 

(Jkrrlow.low (b) high.high 

(c) low.high {d) high.low 

11.97. The function of breather in a trans¬ 
former is 

(а) to provide oxygen inside the tank 

( б ) to cool the coils during reduced load 

(e) to cool the transformer oil 

arrest flow of moisture when out¬ 
side air enters the transformer 

11.98. The secondary winding of which of 
the following transformers is always 
kept closed ? 

(a) Step-up transformer 

(b) Step-down transformer 

(c) Potential transformer 
\ (c/) j 6 urrent transformer 

11.99. The size of a transformer core will depend 
on 

(а) frequency 

( б ) area of the core 

(c) flux density of the core material 
and ( 6 ) both 

11 . 100 . Natural air cooling is generally restricted 
for transformers up to 

MVA (b) 5 MVA 

(c) 15 MVA (d) 50 MVA 

11.101. A shell-type transformer has 
(a) high eddy current losses 
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\JM reduced magnetic leakage 

(c) negligibly hysteresis losses 

(d) none of the above 

11.102. A transformer can have regulation 
closer to zero 

(a) on full-load ( 6 ) on overload 

w(e) on leading power factor 
(d) on zero power factor 

11.103. A transformer transforms 

(a) voltage (b) current 

(c) current and voltage 
power 

11.104. Which of the following is not the stan- 
dard voltage for power supply in India ? 

(а) llkV (6)3£ kV 

(c) 66 kV ? ^(d)/l22 kV 

11.105. Reduction in core losses and increase in 
permeability are obtained with trans¬ 
former employing 

\(a) corlT built-up of laminations of cold 
'-^‘rolled grain oriented steel 

( б ) core built-up of laminations of hot 
rolled sheet 

(c) either of the above 

(d) none of the above 

11.106. In a power or distribution transformer 
about 10 per cent end turns are heavily 
insulated 

(а) Jbo withstand the high voltage drop 
due to line surge produced by the 

shunting capacitance of the end 
turns 

( б ) to absorb the line surge voltage and 
save the winding of transformer 
from damage 

(e) to reflect the line surge and save the 
winding of a transformer from 
damage 

(d) none of the above 

11.107. For given applied voltage, with the in¬ 
crease in frequency of the applied volt¬ 
age 

(а) eddy current loss will decrease 

( б ) eddy current loss will increase 
(cVeddy current loss will remain un- 

changed 

(d) none of the above 


11.108. Losses which occur in rotating electric 
machines and do not occur in trans¬ 
formers are 

{g )"friction and windage losses 
(6) magnetic losses 

( c ) hysteresis and eddy current losses 

(d) copper losses 

11.109. In a given transformer for a given ap¬ 
plied voltage, losses which remain con¬ 
stant irrespective of load changes are 

. (oflrysteresis and eddy current losses 
(6) friction and windage losses 
(c) copper losses (d) none of the above 

11.110. Which of the following statements 
regarding an idel single-phase trans¬ 
former having a turn ratio of 1 : 2 and 
drawing a current of 10 A from 200 V 
A.C. supply is incorrect ? 

(a) Its secondary current is 5 A 
« ibfl ts secondary voltage is 400 V 

(c) Its rating is 2 kVA 

(d) Its secondary current is 20 A 

(e) It is a step-up transformer 

11.111. The secondary of a current transformer 
is always short-circuited under operat¬ 
ing conditions because it 

J<pL) avoids core saturation and high 
voltage induction 
(fr) is safe to human beings 

(c) protects the primary circuit 

(d) none of the above 

11.112. In a transformer the resistance between 

its primary and secondary should be 
(a) zero (6) 10 Q 

(c) 1000 Q. infinity 

11.113. A good voltage regulation of a trans¬ 
former means 

(а) output voltage fluctuation from no 
load to full load is least 

(б) output voltage fluctuation with 
power factor is least 

(c) difference between primary and 
secondary voltage is least 

(d) difference between primary and 
secondary voltage is maximum 

11.114. For a transformer, operating at cons¬ 
tant load current, maximum efficiency 
will occur at 
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(a) 0.8 leading power factor 
\ (6). 0.8 lagging power factor 
v (c) zero power factor 
(d) unity power factor 

11.115. Which of the following protection is nor¬ 
mally not provided on small distribu¬ 
tion transformers ? 

(a) Overfluxing protection 
(ft) Buchholz relay 

(c) Overcurrent protection 

(d) All of the above 

11.116. Which of the following acts as a pro¬ 
tection against high voltage surges 
due to lightning and switching ? 
h.(#)'Horn gaps 

( b ) Thermal overload relays 

(c) Breather • ^ (d) Conservator 

11.117. The efficiency of two identical trans¬ 
formers under load conditions can be 
determined by 

(a\ short-circuit test 
\J$) back-to-back test 
(c) open circuit test 
{d) any of the above 

11.118. Which of the following insulating 
materials can withstand the highest 
temperature safely ? 

( a ,) Cellulose (6) Asbestos 

wfc) Mica ' (d) Glass fibre 

11.119. Which of the following parts of a trans¬ 
former is visible from outside ? 

C^Cd) Bushings (6) Core 

(c) Primary winding 

(d) Secondary winding 

11.120. The noise produced by a transformer is 
termed as 

(a) zoom Xb) hum 

(c) ringing (d) buzz 

11.121. Which of the following loss in a trans¬ 
former is zero even at full load ? 

(a) Core loss Friction loss 

(c) Eddy current loss 
id) Hysteresis loss 

11.122. Which of the following is the most likely 
source of harmonics in a transformer ? 
(a) Poor insulation (6) Overload 

(c) Loose connections" 

-ddfi 'Core saturation 


11.123. If a transformer is continuously operated 
the maximum temperature rise will 
occur in 

{a) core windings 

(c) tank (d) any of the above 

11.124. The hum in a transformer is mainly 
attributed to 

(a) load changes 

(b) gi 1 in the transformer 
i JtfS magnetostriction 

(d) mechanical vibrations 

11.125. The maximum load that a power trans¬ 
former can carry is limited by its 

(a) temperature rise 

( b ) dielectric strength of oil 
^J^VtHtage ratio 

(d) copper loss 

11.126. The efficiency of a transformer, under 
heavy loads, is comparatively low be¬ 
cause 

(chopper loss becomes high in propor- 
tion to the output 

(b) iron loss is increased considerably 

(c) voltage drop both in primary and 
secondary becomes large 

(d) secondary output is much less as 
compared to primary input 

11.127. An open-circuit test on a transformer is 
conducted primarily to measure 

(a) insulation resistance 

( b ) copper loss ^U&Tcore loss 
(d) total loss (e) efficiency 
if) none of the above 

11.128. A no-load test is performed on a trans¬ 
former to determine 

(a) core loss (6) copper loss 

(c) efficiency 

(d) magnetising current 
MoHdagnetising current and loss 

11.129. The voltage transformation ratio of a 
transformer is equal to the ratio of 

(а) primary turns to secondary turns 

(б) secondary current to primary cur- 


^e) secondary induced e.m.f. to primary 
induced e.m.f. 

(d) secondary terminal voltage to 
primary applied voltage 


Downloaded From : www.EasyEngineering.net 


Downloaded From : www.EasyEngineering.net 


1 1.44 

11.130. Part of the transformer which is most 
subject to damage from overheating is 

(а) iron core (6) copper winding 

\ (^winding insulation 

(d) frame or case 

(e) transformer tank 

11.131. If a transformer is switched on to a 
voltage more than the rated voltage 

V its power factor will deteriorate 

(б) its power factor will increase 

(c) its power factor will remain unaf¬ 
fected 

( d ) its power factor will be zero 

11.132. Auto-transformer makes effective 
saving on copper and copper losses, 
when its transformation ratio is 

\ (a) approximately equal to one 
" (b) less than one 

(c) great than one 

(d) none of the above 

11.133. Minimum voltage regulation occurs 

when the power factor of the load is 

(a) unity (fr) lagging 

A(c') leading (d) zero 

11.134. In a step-down transformer, there is a 
change of 15 A in the load current. This 

■ results in change of supply current of 
N(a) less than 15 A (6) more than 15 A 

(c) 15 A 

(d) none of the above 

11.135. The efficiencies of transformers com¬ 
pared with that of electric motors of the 
same power are 

(a) about the same c / 

(6) much smaller V) much higher 
0 d ) somewhat smaller 

(e) none of the above 

11.136. The ?hort-circuit voltage of a trans¬ 
former mainly depends on the 

Xjor) magnitude of leakage flux 

(b) ohmic resistance of primary wind¬ 
ing 

(c) ohmic resistance of secondary wind¬ 
ing 

( d ) cross-sectional area of the iron core 

11.137. In a transformer, electric power is trans¬ 
ferred from one coil to the other coil in 
a transformer 
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(a) magnetically 
~(fe) electromagnetically 

(c) physically 

(d) electrically 

11.138. In an ideal transformer, on no-load, the 
primary voltage is balanced by 

(a) the primary induced e.m.f. 

, (b) the secondary induced e.m.f. 

(c) the secondary voltage 

(d) the drop across resistances and 
reactances 

11.139. As per the name plate of a transformer, 
the secondary normal voltage is 220 V. 
Which.of the following statements about 
it is correct ? 

(а) 220 V is the no-load voltage 

(б) The no-load voltage is more than 
220 V 

(c) The secondary voltage increases 
with increasing load 

(d) At a load which draws the rated 
current the voltage becomes less 
than 220 V 

11.140. A transformer is working at its maxi¬ 
mum efficiency. Its iron loss is 1 kW. Its 
copper loss will be 

(a) 0.2 kW (6) 0.25 kW 

(c) 0.5 kW . ,M) 1 kW 

11.141. A transformer is working at its full load 
and its efficiency is also maximum. Its 
iron loss is 1 kW, its copper loss at half 
load will be 

(a)0.1kW (b) 0.2 kW 

' (c) 0.25 kW Jd) 0.5 kW 


11.142. In some transformers, the tappings are 
provided on 

(o)L.V. side (6) H.V. side 
(c) L.V. as well as on H.V. side 
id) in the middle of both windings 

11.143. In case of transformers using cold 
rolled grain oriented steel, the area of 
yoke is taken 

(a) equal to that of core 

(b) as 10-15% larger than that of core 

(c) as 15-20% larger than that of core 

(d) as 20-25% larger than that of core 

(e) none of the above 
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11.144. The distribution transformers are 
designed to keep the iron-losses mini¬ 
mum because 

(а) the primary of distribution trans¬ 
former is energised for all the twenty 
four hours 

( б ) iron losses may damage the insula¬ 
tion 

(c) iron-losses will heat up the coil 

(d) none of the above 

11.145. Which of the following materials is 
suitable for the manufacture of trans¬ 
former and large turbo-alternator ? 

(a) Cast iron (Jb) Cast steel 

^Je) Cold rolled grain oriented steel 
{d) Hot rolled grain oriented steel 

11.146. A transformer is used to change the 
value of 

(a) power factor ( 6 ) power 
(c) frequency voltage 

11.147. Which of the following statements is 
correct ? 

(a) A transformer operates at power 
factor belpw a particular value 

(b) A transformer operates always at 
unity power factor 

(c) A,transformer operates at a power 
^factor depending on the power fac¬ 
tor of the load 

{d) A transformer has its own power 
factor 

11.148. A transformer, as compared to an 
amplifier, cannot increase 

(a) the output current 

(b) the output voltage 
vfefthe output power 

{d) none of the above 

11.149. A transformer having a turn ratio 1 : 5 
and a resistance of 1000 Q is connected 
across the secondary terminals, the 
resistance offered to a current flowing 
in the primary will be 

(a)10Q (b) 20 Q 

%f40Q (d) 60 Q 

11.150. Which of thp following statements 
about a transformer having a small 
short-circuit voltage is true ? 
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(a) A low short-circuit current flows 
through the transformer 

? r (b) A high short-circuit current flows 
^ through the transformer 

(c) The transformer has high copper 
losses during the operation 
id) The transformer has high iron los¬ 
ses during the operation 
(e) The transformer has a small trans¬ 
formation ratio 

11.151. Helical coils are very well suited for 
follow voltage winding of large rating 

^ transformers 

(b) high voltage winding of small rating 
transformers 

(c) high voltage winding of large rating 
transformers 

0 d ) none of the above 

11.152. In a power transformer the efficiency 
should be maximum at 

(a) 50% of full load 
(Jb) 60% full load 
(c) 80% full load <(d) i uil load 

11.153. For minimum weight of a transformer, 
the weight of iron should be 

CJ^Xequal to the weight of copper 
(jb) less than weight of copper 

(c) greater than weight of copper 

(d) zero 

11.154. The iron losses of a transformer can be 
calculated by knowing the weights of 

(а) copper winding only 

(б) yokes only 

(c) cores only 
\^J(dfcores and yokes 

11.155. H.R.C. fuses on a transformer provide 
protection against 

(а) insulation failure 

(б) internal faults 
vT-cTexternal faults 

(d) low oil level 

11.156. Which of the following insulating 
materials is used in power trans¬ 
formers ? 

(a) Tape of glass 

(b) Synthetic resin bonded paper 

(c) Eress board 
of the above 
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11.157. Simple porcelain bushings are used for 
transformers upto 

\ fafll kV ( 6 ) 132 kV 

\) 400 kV 
( d ) none of the above 

11.158. Harmonic currents in a transformer 
cause 

(а) increased core loss 

( б ) increased I 2 R loss 

(c) magnetic interference with protec¬ 
tive relays 
%£)" all of the above 

11.159. If a transformer core is made of copper 
and coils are made up of steel wire, then 
(a) ecidy current losses will be less 
(bycopper losses in the windings will be 

more 

(c): magnetising current will be reduced 
fa) all of the above 

11.160. Oil impregnated paper condenser 
bushing is generally used on trans¬ 
formers operating at 

^(ari32kV ( 6 ) 66 kV 

(c) 33 kV (d) 11 kV 

11.161. The colour of fresh dielectric oil for a 
transformer is 

(а) dark brown (b) white to grey 

Hrfpaleyellow ( d ) colourless 

11.162. Which of the following test on a trans¬ 
former provides information about regu¬ 
lation, efficiency and heating under 
loa.d conditions ? 

v fa) Back to back test 

( б ) Short circuit test 
(c) Swinburne’s test 
fa) Open circuit test 

11.163. Buchholz relay is used on 

(а) welding transformers 

( б ) air-cooled transformers 
(c) furnace transformers 

v^jfa) oil cooled transformers 

11.164. The kVA rating ratio of transformers 
operating in parallel, as a general rule, 
should be within 

(a) 5 : 1 (6)4:1 

sM ;3:1 fa) 2 : 1 

11.165. Wliich value of flux is involved in the 
e.m.f. equation of the transformer ? 


fa) R.M.S. value ( 6 ) Critical value 

(c) Average value r(d) Maximum value 

11.166. In Scott connections the main trans¬ 
former has centre tap on 

(а) primary winding 

( б ) secondary windings 

.(c) both primary and secondary wind- 
L- p ings 

(d) none of the above 

11.167. In a transformer overcurrents affect 
fa) mechanical stress 

( 6 ) temperature rise 
(c) insulation life 
\ fa) all of the above 

11.168. For transformers upto a capacity of. 

*kVA air blast cooling is provided. 

' fa) 2500 ( 6 ) 5000 

f:\ \ (c) 10000 fa) 20000 

11.169. As the supply frequency of a trans¬ 
former increases its rating 

L-faf increases ( 6 ) decreases 

■ (c) remains unchanged 

fa) none of the above 

11.170. Which of the following methods is used 
for cooling of transformers upto a 
capacity of 10 MVA ? 

—^ \ vfaTAir blast cooling 


C:\ 


" "( 6 ) Forced oil cooling 

\Jc)"Oil natural cooling 
fa) None of the above 

11.171. The nominal short-circuit vo 1 tage of the 
transformer is defined as percentage of 

\J&) the rated primary voltage 
( 6 ) the rated secondary voltage 
(c) the test voltage 
fa) the nominal transformation ratio 
( e ) none of the above 

11.172. In a transformer frictional loss is 

(а) 5% of total loss 

( б ) 10 % of total loss 
(c) 20 % of total loss 

’ fa) nil 

11.173. A distribution transformer has low flux 
density because 

. (ay\t is constantly connected to the 


\js- 

supply 
( 6 ) it is rerm 
factor 


''ed to give better power 


Downloaded From : www.EasyEngineering.net 





Downloaded From : www.EasyEngineering.net 


transformers 

(c) it is normally a small transformer 

(d) iron is quite cheap 

11174 . Spiral core transformer which has core 
made up of steel strip has the following 
advantage. 

(a) Less weight 

(b) Lighter construction 

(c) Minimum losses 
\(fl) All above 

11.175. The place of transformer installation is 
selected such that 

(a) location is not too warm 

(b) plenty of dry and clean air is avail¬ 
able and wet conditions are not en¬ 
countered 

(c) location is not subject to damage 
from men and material traffic 

(d) all aJbove requirements are met 
j- ..with 

11.176. A transformer designed for installation 
in a tropical country if installed in a 
cold country 

(а) is to be loaded below the name plate 
kVA rating 

(б) can be loaded in excess of the name 
//plate kVA rating 

(c) either of the above 

(d) neither of the above 

11.177. Most widely used insulating and cool¬ 
ing transformer liquid is 

/c/mineral oil (6) water 

(c) askarel 

(d) none of the above 

11.178. A current transformer is 

(а) a magnetic component to change 
voltage level 

(б) an instrument to transform A.C. 
current to D.C. current 

(c) jar magnetic component to change 
current level 

(d) none of the above 

11.179. Buchhalz’s relay is used in 

(а) motor protection 

(б) line protection 

(c) ^generator protection 
id) transformer protection 

11.180. Buchholz’s relay gives warning and 
protection against 


11 . 4 ” 

(а) electrical fault inside the trans¬ 
it/' former itself 

( б ) electrical fault outside the trans¬ 
former in outgoing feeder 

(c) either of the above 

(d) none of the above 

11.181. For power purpose sine wave shape is 
preferred because 

(а) it gives least copper losses 

( б ) it is easy to generate e.m.f. of this 
wave shape 

(c) it is stable wave shape as the line 
L-^parameters cannot change it 

(d) none of the above 

11.182. A sinusoidal e.m.f. 

(а) leads the flux inducing it by 180° 

( б ) leads the flux inducing it by 90° 

(c) lags the flux inducing it by 180° 

the flux inducing it by 90° 

11.183. The humming sound in a transformer 
is mainly due to 

\ r ^Ad) magnetostriction 
( 6 ) walls of the tank 
(c) oil of the transformer 
id) laminations of the transformer 

11.184. The advantage of putting tappings at 
the phase ends of a transformer is 

reduce the number of bushings 
( 6 ) to obtain better regulation 

(c) to obtain fine variation of voltage 

(d) to operate with ease 

11.185. In a three-phase delta transformer, one 
of the phases burns up. The trans¬ 
former will supply 

(а) zero output 

( б ) 20 percent of its output rating 
(c) 40 percent of its output rating 
id) its full output rating 

VfeHlone of the above 

11.186. When a 440/220 V transformer is con¬ 
nected to 400 V D.C. supply 

V/oHKe transformer may burn 
( 6 ) the output will be zero volt 

(c) the output will be 220 V 

(d) the output will be less than 230 V 

11.187. In high frequency transformer ferrite 
cores are used because a ferrite core 
has 
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(a) low resistance 
\ high resistance 

(c) low permeability 

(d) high hysteresis 

11.188. Which of the following transformers is 
smallest ? 

\J& 2 kVA, 500 Hz ( 6 ) 2 kVA, 400 Hz 
(c) 2 kVA, 200 Hz id) 2kVA, 50 Hz 

11.189. The purpose of a breather in a trans¬ 
former is to 

(а) provide cooling to the winding 

( б ) take insulting oil from the conser¬ 
vator 

(c) provide insulation to the winding 
\^)hxtract moisture from the air 

11.190. Cross-over windings are used for 

(a) high voltage winding of large rating 
transformers 

, Q>) high voltage winding of small rating 
transformers 

(c) low voltage winding of small rating 
transformers 
id) none of these 

11.191. In core-type transformers, the con¬ 
centric windings are used with 

(a) low voltage winding placed next to 
^ core 

(b) low voltage winding on the outer- 
side 

(c) high voltage winding placed next to 
core 

(d) high voltage winding on .the outer- 
side 

11.192. The yoke sections of transformers 
using hot-rolled laminations is made 15 
per cent greater than that of the core so 
as to 

(a) to increase the size of the trans¬ 
formers 

(b) to reduce the copper loss 

(c) /to reduce the iron loss in yoke and 
'\S magnetizing current 

(d) to provide better cooling 

11.193. When two single phase transformers 
are running in parallel and if the im¬ 
pedance triangles of the transformers 
are not identical in shape and size then 
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(а) power factor of one transformer and 
power factor of common load will be 
same 

(б) power factors at which the trans¬ 
formers operate will be different 
from one another and again these 
will be different from power factor 
of common load 

(c) power factors at which the trans¬ 
formers operate will be same but 
different from power factor of com¬ 
mon load 

{d) power factors at which the trans¬ 
formers operate and power factor of 
common load-all will be same 

11.194. What is the typical use of an auto¬ 
transformer ? 

(а) Control transformer 

(б) Isolating transformer 

( c ) Variable transformer 

(d) Toy transformer 

11.195. In a transformer the magnitude of 
mutual flux 

(а) varies at low loads and constant at 
high loads 

(б) is low at low loads and high at high 
loads 

(c) is high at low loads and low at high 
loads 

(d) same at all loads 

11.196. The principle of working of a trans¬ 
former is 

(а) mutual induction 

(б) static induction (c) self induction 
(d) dynamic induction 

11.197. 'Which of the following is not a fitting 
on a transformer ? 

(a) Commutator (6) Breather 

(c) Conservator (d) Buchholz’s relay 

11.198. In a transformer an insulating material 
may fail due to 

(a) moisture ( b ) dust 

(c) voids in the winding 

(d) any of the above 

11.199. The reactance of a transformer depends 
on 

(a) leakr ' flux (6) size of the core 
(c) size of . ie tank (d) all of the above 
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11.200. Buchholz relay is used lit 

(a) motor protection \ 

(b) line protection 

v(c> transformer protection 
(d) none of the above 

11.201. Which of the following parts of a trans¬ 
former is likely to suffer maximum 
damage due to excessive temperature 
rise? 

Kn^Winding insulation 

( b) Copper winding 

(c) Core laminations 

{d) Dielectric ctrewgtlv cfcii 

11 . 202 . In a transformer on no-load, the input 
voltage 

(a) is always at 60° to the magnetizing 
current 

( b ) is in phase with magnetizing cur¬ 
rent 

(c) leads the magnetizing current by 
' 90° 

(d) lags the magnetizing current by 90° 

11.203. The value of useful flux least depends 
on 

r (a) load 

( 6 ) magnetomotive force 

(c) voltage (d) all of the above 

11.204. In which of the following transformer 
part of primary winding also serves as 
the secondary winding ? 

(a) Potential transformer 
1(6) Auto transformer 

(c) Step-up transformer 

( d ) Current transformer 

11.205. Which of the following can be reduced 
when the flux density in the trans¬ 
former core is increased ? 

(а) Copper losses 

( б ) Output frequency 

\ (c) Size of the transformer 

(d) None of the above 

11.206. Burden of a current transformer is 

usually expressed in ; 

(a) amperes ( 6 ) volts . j 

\ (6) volt amperes (d) kilowatt j! 

11.207. Transformer rating are usually ex¬ 
pressed in terms of 

' (a) kVA ( 6 ) kW 

(c) kWh (d) kVAR 
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11.208. A tap changer is used on a transformer 
for 

v (a) adjustments in secondary voltage 
( 6 ) adjustments in primary voltage 

(c) adjustments in both primary and 
secondary voltages 

id) none of the above 

11.209. Which of the following will improve the 
mutual coupling between primary and 
secondary circuits ? 

(а) High reluctance magnetic core 

( б ) Transformer oil of high breakdown 
voltage 

x (c> Low reluctance magnetic core 

(d) Winding material of high resistivity 

11.210. Leakage fluxes of a transformer may be 
minimized by 

(а) avoiding overloads 

( б ) keeping magnetizing current to the 
minimum 

(c) reducing the reluctance of the iron 
core to the minimum 
; (d) sectionalizing and interleaving the 
primary and secondary windings 
v (e) minimizing the number of turns 
both on primary and secondary 

11 . 211 . The magnetizing current, for sinusoidal 
voltage applied, will be 

(а) always sinusoidal 

( б ) always non-sinusoidal 

(c) ' sinusoidal or non-sinusoidal depend¬ 
ing upon the saturation point 
id) none of the above 

11 . 212 . A step-up transformer increases 

(a) power ( 6 ) current 

\ (e) voltage (d) frequency 

11.213. Transformer cores are built-up from 
laminations rather than from solid 
metal so that 

(а) less insulation is required for the 
windings 

( б ) oil penetrates the core more easily 
(c) turn ratio is higher than voltage 

ratio 

s (d) eddy current loss is reduced 

11.214. The transformation ratio of a trans¬ 
former, for a given application 
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(fcjLis constant but not fixed 
is fixed but not constant 
id) none of the above 

11.215. The output current corresponding to 
the maximum efficiency for a trans¬ 
former having core loss of 200 W and 
equivalent resistance referred to secon¬ 
dary of 0.5 Q is 

(a) 5 A ( 6 ) 10 A 

(c) 15 A \ldY 20 A 

11.216. The rating of a transformer is given in 
kVA instead of kW because 

(a) kVA is fixed whereas kW depends 
on load p.f. 

( b ) load power factor is often not known 

(c) it has become customary 

\d) total transformer loss depends on 
VA 

11.217. For parallel operation of two single 
phase transformers the essential condi¬ 
tion is that they should have the same 
(a) voltage ratio 

(5) percentage impedance 
O^fpolarity (d) phase sequence 

11.218. The saving in copper achieved by con¬ 
verting two winding transformer into 
an auto-transformer is determined by 
(a)Joad on the secondary 

\$f) voltage transformation ratio 

(c) size of the transformer core 

(d) magnetic quality of core material 

(e) none of the above 

11.219. The type of load for which the voltage 
regulation of a transformer is negative 
is, 

\M0 capacitive Qb ) inductive 

(c) resistive id) none of the above 

11.220. While performing a short-circuit test 
on a transformer, usually low-voltage 
side is short-circuited because it has 

(a) low insulation 

(b) easy access 

lower terminal voltage and higher 
current rating 
{d) more number of turns 

11.221. The secondary winding of a current 
transformer whose primary is carrying 
current should 


(a) not be open-circuited 

(b) not be short-circuited 

(c) either of the above 
(i d ) none of the above 

11.222. In large transformers, oil is invariably 
used in order to 
(a) lubricate the core 
C b ) insulate the core 
.(c) insulate the coils 

(d) none of the above 

11.223. Dust should never be allowed to accumu¬ 
late on the windings and core of a dry- 
type transformer because it 

(a) reduces dissipation of heat 

(b) may short-circuit the windings 

(c) absorbs oil and grease 

(d) tends to corrode the metal surface 

11.224. Increase in secondary current of a 
transformer brings about increase in 
primary current. This is possible be¬ 
cause 

(а) primary and secondary windings 
are capacitively coupled 

(б) primary and secondary windings 
are inductively coupled 

(c) primary and secondary windings 
are conductively coupled 

(d) none of the above 

11.225. An auto-transformer is preferred to a 
conventional 2-winding transformer 

(а) where ratio of transformation is low 

(б) where it is required to isolate the 
two windings electrically 

(c) because it is much safer to use an 
auto-transformer 

(d) where large number of secondary 
taps are needed 

11.226. Transformer for constant voltage ap¬ 

plications is considered good if its volt¬ 
age regulation is 
(a) low (b) high 

(c) zero 

id) none of the above 

11.227. Transformer supplying load having 
negative resistance characteristics 
such as arc load, is considered if its 
voltage regulation is 
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M high 

(c) either of the above 

(d ) none of the above 

11.228. For given effective applied voltage of 
constant frequency eddy current losses 

(a) become less with peaked wave 

shape of applied voltage 
f (jkrfare independent of the wave shape 
- of the applied voltage 
(c) either of the above 
(i d ) none of the above 

11.229. While rising and while falling, if a wave 
is symmetrical, it contains 

(a) even harmonics in addition to fun¬ 
damental 

, ( 6 )/ 6 dd harmonics in addition to fun- 
^ damental 

(c) both odd and even harmonics in ad¬ 
dition to fundamental 
{d) none of the above 

11.230. While rising and falling if a wave is not 
symmetrical, it contains 

(a) even harmonics in addition to fun¬ 
damental 

( b ) odd harmonics in addition to fun¬ 
damental 

(c) both odd and even harmonics in ad¬ 
dition to fundamental 

(d) none of the above 

1J..231. In order to find the full-load efficiency 
of a transformer the losses which must 
be known 

t. Ja) may be found by performing open- 
circuit and short-circuit tests 
( 6 ) may be found by measuring wind¬ 
ing resistances and calculating the 
I 2 R losses 

(c) may be found by measuring the 
input to the primary with secondary 
open 

(d) cannot be found except by actually 
loading the transformer fully. 

11.232. Which of the following statement con¬ 
cerning parallel operation of trans¬ 
formers is incorrect ? 

(a) Transformers must be operated at 
the same frequency 


(b) Transformers must have same trans¬ 
formation ratio 

^<c) Transformers must have equal kVA 
(d) Transformers must have equal volt¬ 
age ratings 

11.233. Current transformers for meters and 
relays usually have 

(а) 1: 2 ratio 

(б) 5 : 1 ratio 
\JfeT5-A secondaries 

(d) 15-A secondaries 

11.234. All day efficiency is the ratio of output 
to input in 

(а) kVA at a particular instant 

(б) kW at particular instant 

(c) kVARh at particular instant 
“•#rkWh during 24 hours 

11.235. While performing back-to-back test, 
the amount of power consumed is equal 

Jfiff iron and copper losses of two trans¬ 
formers at full load 

(6) full load rated output of the two 
transformers 

(c) rated output of two transformers 
and iron and copper losses of trans¬ 
formers at full load 

(d) none of the above 

11.236. The purpose of performing Sumpner’s 
test is niainly to find out 

(а) regulation of the transformer 

(б) efficiency of the transformer 
sic)-'the temperature rise on full load 

economically 
(d) none of the above 

11.237. When 240 V D.C. supply is given to an 
unloaded 220 V, 50 Hz transformer 
(a) secondary will carry heavy current 

% (6) primary will carry heavy current 
^ and may possibly burn 

(c) we will get A.C. voltage on secon¬ 
dary side according to turn ratio 

(d) we will get high voltage on secon¬ 
dary side 

11.238. In a transformer, if the magnitude of 
magnetizing current is more 

(a) its power factor will become low on 
leading side 
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ijprits power factor will become low on 
lagging side 

(c) it has no effect on the power factor 
of the transformer 

( d ) none of the above 

11.239. In measuring voltage or current by 

means of instrument transformer 
Xp) only ratio errors need be considered 

( 6 ) both ratio as well as phase angle 
error need to be considered 

(c) either of the above 

(d) none of the above 


11.240. In which of the following the highest 
rating transformer is likely to find 
application ? 

(^Transmission ( 6 ) Substation 
Generator (d) Distribution 

11.241. In a transformer maximum voltage 
regulation occurs when the power fac¬ 
tor of the load is 

(a) 0.4 ^'fagging 

(c) leading 1 (d) unity 

11.242. In a transformer minimum voltage 
regulation occurs when the power fac¬ 
tor of the load is 

leading ( 6 ) lagging 

(c) 0.8 id) unity 

11.243. When a delta connected primary of a 
3-phase transformer is connected to 3- 
phase supply 

magnetizing current in phase wind¬ 
ing will carry third harmonics but 
line current will be free from it 


(i b ) magnetizing current in phase wind¬ 
ing will contain third harmonics and 
line current will also contain third 
harmonics 

'(^/magnetizing current in phase wind¬ 
ing will not contain third harmonics 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

but line current will contain third 
harmonics 
(d) none of the above 

11.244. Scott connections are used to convert 

(a) three-phase supply to D.C. supply 

(b) three-phase supply to three-phase 
supply 

(c) three-phase supply to two-phase 
supply 

(dV three-phase supply to single-phase 
supply 

11.245. The function of an instrument trans¬ 
former is to 

(a) act as an isolating device to protect 
equipment and operation personnel 
from high voltages 

( b) act as a radio device to enable the 
use of standardized low range in¬ 
struments 

(c) discharge both of the above func¬ 
tions 

Ud) discharge none of the above func¬ 
tions 

11.246. Which of the following 3-phase connec¬ 
tions of transformer create disturban¬ 
ces in communication systems 

(a) star/delta (b) delta/star 

(c) star/star (d) delta/delta 

11.247. Delta-delta power transformer is 
protected by current transformer 
having 

(а) star/star connections 

(б) delta/delta connections 

(c) star/delta connections 

(d) delta/star connections 

11.248. Star-star power transformer is pro¬ 
tected by current transformer having 

(а) star/star connections 

(б) delta/delta connections 
(< c ) star/delta connections 
(d) delta/star connections 


B. Fill in the Blanks/Say ‘Yes’ or ‘No’: 

11.249. When a transformer raises the voltage 
it is called the step-up transformer. 

(Yes/No) 


11.250. A transformer must not be connected to 
.source. 
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11.251'. The ratio of primary voltage to secon¬ 
dary voltage is known as transforma¬ 
tion ratio. (Yes/No) 

11.252. An ideal transformer is one in which * 
the resistance of the windings is negli¬ 
gible and the core has no losses. 

(Yes/No) 

11.253. Primary and secondary currents are 

directly proportional to their respective 
turns. (Yes/No) 

11.254. The function of the magnetising com¬ 
ponent of no-load current is to sustain 
the alternating flux in the core. 

(Yes/No) 

11.255. The no-load primary input is practical¬ 

ly equal to the iron loss in the trans¬ 
former. (Yes/No) 

11.256. A transformer is said to be loaded when 

the secondary circuit of a transformer 
is completed through an.load. 

11.257. Magnetic flux can be confined into a 

designed path. (Yes/No) 

11.258. When shifting resistance to the secon¬ 
dary, divide it by K 2 . (Yes/No) 

11.259. An open-circuit test is conducted to find 

no-load or core loss. (Yes/No) 

11.260.test is conducted to find full-load 

copper loss. 

11.261. v The change in voltage when rated load 

at a specified power is removed is 
termed as voltage regulation. (Yes/No) 

11.262. Iron or core losses include copper loss 

and eddy current loss. (Yes/No) 

11.263. Iron or core losses are found from short- 

circuit test. (Yes/No) 

11.264. The efficiency of a transformer at a 

particular load and power factor is 
defined as the ratio of power output to 
power input. (Yes/No) 

11.265. Copper loss =.losses is the condition 

for maximum efficiency of a trans¬ 
former. 

(Yes/No) 

11.267. A transformer in which part of the 
winding is common to both the primary 
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and secondary circuits is known as 
auto-transformer. (Yes/No) 

11.268. The A-A connection is generally used in 

systems in which the voltages are not 
very high and especially when con¬ 
tinuity of service must be maintained 
even though one of the transformers 
should fail. (Yes/No) 

11.269. The Y-A connection is principally used 
where the voltage is to be stepped up. 

(Yes/No) 

11.270. The A-Y connection is employed where 
it is necessary to step-up the voltage. 

(Yes/No) 

11.271. The V-Y circuit is frequently used for 

two auto-transformers. (Yes/No) 

11.272. It is practicable to connect instruments 

and meters directly to the lines in high 
voltage circuits. (Yes/No) 

11.273. A potential transformer is a step down 

transformer used along with a low 
range voltmeter for measuring a high 
voltage. (Yes/No) 

11.274. The current transformer ratio is not 

equal to the ratio of secondary to 
primary turns, mainly because of the 
effect of the magnetising current. 

(Yes/No) 

11.275. Greater the leakage fluxes.will be 

the voltage regulation. 

11.276. In.type winding parts of high and 

low voltage winding alternate along the 
height of the limb. 

11.277. In sandwitch type winding leakage flux 

is less than in.type winding. 

11.278. Need of elaborate cooling becomes more 
as the rating of transformers becomes 

11.279. Sludging of transformer oil, because of 

its blanketing effect on the cooling sur¬ 
faces .its cooling capacity. 

11.280. Transformer oil should be wax free to 

ensure that it does not solidify at. 

temperature. 

11.281. In a transformer of given voltage 
rating, greater the frequency of supply 
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.will be the magnitude of magnetiz¬ 
ing current. 

11.282. For a transformer of given rating and 

given applied voltage, if we increase the 
number of turns we will require iron 
core of.cross-sectional area. 

11.283. Where flux wave is flat, e,m.f induced 

is. 

11.284. The ordinary efficiency of a trans¬ 

former is higher for lower power factor 
loads. (Yes/No) 

11.285. For same voltage ratios and primary 
and secondary load currents, an auto¬ 
transformer is more efficient than a 
conventional 2-winding transformer. 

(Yes/No) 

11.286. If voltage ratios of two single phase 

transformers connected in parallel are 
unequal, it leads to unequal loading of 
the two transformers. (Yes/No) 

11.287. A V-V transformer may be paralleled 

with a A-A transformer but not with A -Y 
transformer. (Yes/No) 

11.288. The efficiency of an auto-transformer 

increases as its transformation ratio 
approaches units. (Yes/No) 

11.289. An ideal transformer can store lot of 
electromagnetic energy. (Yes/No) 
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11.290. The all-day efficiency of a transformer 

is usually fairly high despite occasional 
low power factors and periods of rela¬ 
tively light use. (Yes/No) 

11.291. The transformer tanks are usually 

made of. 

11.292. In case of a major fault a Buchholz’s 

relay . the transformer from the 

supply mains, 

11.293. The burden of an instrument trans¬ 
former is usually expressed in. 

11.294. The third winding in a transformer if 

provided, is known as.winding. 

11.295. The rating of transformer is expressed 

in. 

11.296. A transformer has no friction and 

windage losses. (Yes/No) 

11.297. Arc welding transformers have low 
voltage and high current output. 

(Yes/No) 

11.298. An auto-transformer finds its applica¬ 

tion extensively as variable voltage 
device. (Yes/No) 

11.299. At low frequencies.laminations can 

be used. 

11.300. Booster transformer set consists of an 
.transformer. 


ANSWERS 

(Transformers) 


A. Choose the Correct Answer : 


11.1. (c) 

11.2. (c) 

11.3. (b) 

11.4. (d) 

11.5. (&) 

11.6. (d) 

11.7. (c) 

11.8. ( b ) 

11.9. (a) 

11.10. (a) 

11.11. (d) 

11.12. (a) 

11.13. (c) 

11.14. (d) 

11.15. (b) 

11.16. (a) 

11.17. (c) 

11.18. (c) 

11.19. (c) 

11.20. (6) 

11.21. ( b) 

11.22. (c) 

11.23. (c) 

11.24. (d) 

11.25. (d) 

11.26. (c) 

11.27. (a) 

11.28. (a) 

11.29. (6) 

11.30. (b) 

11.31. {d) 

11.32. (a) 

11.33. (a) 

11.34. (c) 

11.35. (d) 

11.36. ( b ) 

11.37. (b) 

11.38. (b) 

11.39. (d) 

11.40. (c) 

11.41. (a) 

11.42. ( b ) 

11.43. id) 

11.44. (b) 

11.45. (d) 

11.46. (c) 

11.47. (b) 

11.48. (d) 

11.49. (a) 

11.50. (d) 

11.51. (d) 

11.52.. id) 

11.53. (d) 

11.54. ( [d ) 

11.55. (d) 

11.56. (d) 

11.57. (d) 

11.58. (c) 

11*59. ( b ) 

11.60. (c) 
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11.61. (a) 

11.62. (a) 

11.63. (a) 

11.64. (c) 

11.65. (a) 

11.66. 

(b) 

11.67. (c) 

11.68. (c) 

11.69. (a) 

11.70. (a) 

11.71. 

(d) 

11.72. (c) 

11.73. (d) 

11.74. (c) 

11.75. (a) 

11.76. 

(d) 

11.77. (c) 

11.78. (6) 

11.79. (c) 

11.80. (d) 

11.81. 

(a) 

11.82. (a) 

11.83. (d) 

11.84. (c) 

11.85. (a) 

11.86. 

(c) 

11.87. (a) 

11.88. (a) 

11.89. (a) 

11.90. (6) 

11.91. 

(b) 

11.92. (a) 

11.93. (c) 

11.94. (6) 

11.95. (b) 

11.96. 

(a) 

11.97. (d) 

11.98. id) 

11.99. (d) 

11.100. (a) 

11.101. 

(b) 

11.102. (c) 

11.103. (d) 

11.104. (d) 

11.105. (a) 

11.106. 

(a) 

11.107. (c) 

11.108. (a) 

11.109. (a) 

11.110. (d) 

11.111. 

(a) 

11.112. (d) 

11.113. (a) 

11.114. (d) 

11.115. (6) 

11.116. 

(a) 

11.117. (b) 

11.118. (c) 

11.119. (a) 

11.120. (b) 

11.121. 

(b) 

11.122. {d) 

11.123. ( b) 

11.124. (c) 

11.125. (c) 

11.126. 

(a) 

11.127. (c) 

11.128. (e) 

11.129. (e) 

11.130. (c) 

11.131. 

(a) 

11.132. (a) 

11.133. (c) 

11.134. (a) 

11.135. (c) 

11.136. 

(a) 

11.137. (a) 

11.138. (6) 

11.139. (6) 

11.140. (d) 

11.141. 

(c) 

11.142. ( b ) 

11.143. (a) 

11.144. (a) 

11.145. (c) 

11.146. 

(d) 

11.147. (c) 

11.148. (c) 

11.149. (c) 

11.150. (b) 

11.151. 

(a) 

11.152. id) 

11.153. (a) 

11.154. (d) 

11.155. (c) 

11.156. 

( d ) 

11.157. (a) 

11.158. (d) 

11.159. (5) 

11.160. (a) 

11.161. 

(c) 

11.162. (a) 

11.163. (d) 

11.164. (c) 

11.165. (d) 

11.166. 

(c) 

11.167. {d) 

11.168. (c) 

11.169. (a) 

11.170. (c) 

11.171. 

(a) 

11.172. (d) 

11.173. (a) 

11.174. (d) 

11.175. (d) 

11.176. 

(6) 

11.177. (a) 

11.178. (c) 

11.179. (d) 

11.180. (a) 

11.181. 

(c) 

11.182. (d) 

11.183. (a) 

11.184. (a) 

11.185. (e) 

11.186. 

(a) 

11.187. ( b) 

11.188. (a) 

11.189. (d) 

11.190. (6) 

11.191. 

(a) 

11.192. (c) 

11.193. (b) 

11.194. (c) 

11.195. (d) 

11.196. 

(a) 

11.197. (a) 

11.198. (d) 

11.199. (a) 

11.200. (c) 

11.201. 

(a) 

11.202. (c) 

11.203. (a) 

11.204. (6) 

11.205. (c) 

11.206. 

(c) 

11.207. (a) 

11.208. (a) 

11.209. (c) 

11.210. (d) 

11.211. 

(c) 

11.212. (c) 

11.213. (d) 

11.214. .(c) 

11.215. (d) 

11.216. 

(d) 

11.217. (c) 

11.218. ( b ) 

11.219. (a) 

11.220. (c) 

11.221. 

(a) 

11.222. (c) 

11.223. (a) 

11.224. ( b ) 

11.225. (a) 

11.226. 

(a) 

11.227. (6) 

11.228. (6) 

11.229. (6) 

11.230. (a) 

11.231. 

(a) 

11.232. (c) 

11.233. (c) 

11.234. (d) 

11.235. (a) 

11.236. 

(c) 

11.237. (6) 

11.238. (6) 

11.239. (a) 

11.240. (c) 

11.241. 

(6) 

11.242. (a) 

11.243. (a) 

11.244. (c) 

11.245. (d) 

11.246. (c) 11.247. (a) 

B. Fill in the Blanks/Say ‘Yes’ 
11.249. Yes 

11.252. Yes 

11.248. (fe) 

or ‘No’: 

11.250. D C. 
11.253. No 


11.251. No 
11.254. Yes 
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11.255. Yes 

11.256. impedance 

11.257. No 

11.258. No 

11.259. Yes 

11.260. Short-circuit 

11.261. Yes 

11.262. No 

11.263. No 

11.264. Yes 

11.265. Iron 

11.266. Yes 

11.267. Yes 

11.268. Yes 

11.269. No 

11.270. Yes 

11.271. Yes 

11.272. No 

11.273. Yes 

11.274. Yes 

11.275. more 

11.276. sandwich 

11.277. cylindrical 

11.278. high 

11.279. reduces 

11.280. low 

11.281. less 

11.282. Less 

11.283. zero 

11.284. No 

11.285. Yes 

11.286. Yes 

11.287. Yes 

t 

11.288. Yes 

11.289. No. 

11.290. Yes 

11.291. mild steel 

11.292. disconnects 

11.293. volt-amperes 

11.294. tertiary 

11.295. kVA 

11.296. Yes 

11.297. Yes 

11.300. exciting 

11.298. Yes 

11.299. thicker 


□ □ 


i 

I 

1 
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Polyphase Induction Motors 


12.1. INTRODUCTION 

An induction motor is simply an electric transformer whose magnetic circuit is separated by 
an air gap into two relatively movable portion, one carrying the primary and the other the secondary 
winding. 

The essential features which distinguish the induction machine from other type of electric 
motors is that the secondary currents are created solely by induction, as in a transformer instead of 
being supplied by a D. C. exciter or other external power source , as in synchronous and D. C. machines. 

Advantages. Three-phase induction motor is the most commonly used motor in industrial 
applications because of the advantages listed below : 

1 . Simple design 2. Rugged construction 

3. Reliable operation 4. Low initial cost 

5. Easy operation arid simple maintenance 6. High efficiency 
7. Simple control gear for starting and speed control. 

Applications: 

Induction motors are available with torque characteristics suitable for a wide variety of 

loads : 

(j) The standard motor has a starting torque of about 120 to 150 per cent of full-load torque. 
Such motors are suitable for most applications. 

( ii ) For starting loads such as small refrigerating machines or plunger pumps operating 
against full pressure or belt conveyors, high torque motors with a starting torque of twice normal 
full-load torque , or more, are used. 

{Hi) For driving machines that use large flywheels to carry peak loads, such as punch presses 
and shears, a high-torque motor with a slip at full-load up to 10 per cent is available. The high slip 
permits enough change in speedto make possible the proper functioning of the flywheel. 

(iv) By the use of a wound-rotor with suitable controller and external resistances connected in 
series with the rotor winding, it is possible to obtain any value of starting torque up to the maximum 
breakdown torque. Such motors are well adapted as constant-speed drives for loads that have large 
friction loads to overcome at starting. 

12.2. CONSTRUCTIONAL FEATURES 

A polyphase induction motor comprises of 

1. Stator 

2 . Rotor 

12.1 
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(i) Squirrel-cage slots are skewed to 

(а) to make the motor run quickly by reducing the magnetic hum. 

(б) to reduce the locking tendency of the rotor. 

(; ii ) Wound rotor. The wound rotor construction is employed for induction motors requiring 
speed control or extremely high values of starting torque. 



Fig. 12.1. Component parts of a small squirrel-cage Flg 122 Induction motor wit h phase- 

induction motor. wound rota;, showing the three slip 

rings on the rotor shaft. 

12.3. THEORY OF OPERATION OF AN INDUCTION MOTOR 


When a three-phase is given to the stator winding a rotating field is set-up. This field sweeps 
past the rotor (conductors) and by virtue of relative motion , an e.m.f. is induced in the conductors 
which form the rotor winding. Since this winding is in the form of a closed circuit, a current flows, 
the direction of which is, by Lenz’s law, such as to oppose the change causing it. 


Now, the change is the relative motion of the rotating field and the rotor, so that, to oppose this, 
the rotor runs in the same direction as the field and attempts to catch up with it. It is clear that torque 
must be produced to cause rotation, and this torque is due to the fact that currents flow in the rotor 
conductors which are situated in, and at right angles to, a magnetic field. 


Fig. 12.3 shows the induction motor action. 


— When the motor shaft is not loaded , the 
machine has only to rotate itself against 
the mechanical losses and the rotor speed 
is very close to the synchronous speed. 
However, the rotor speed cannot become 
equal to the synchronous speed because if 
it does so, the e.m.f. induced in the rotor 
winding would become zero and there will 
be no torque. Hence the speed remains 


Rotating lieW 



- 


Rotor 


I- 

Fig. 12.3. Induction motor action. 


. N Ns-N 

Rotor- 

Nj - Syneficrorxxs speed, r.p.n 
N -Rotor speed,r.p.m 
Sp.Soutn pole 
Wp * fccrth pole 
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12.3 


slightly less than the sysnchronous speed . If the motor shaft is loaded , the rotor will 
slow down and the relative speed of the rotor with respect to the stator rotating field 
will increase. The e.m.f. induced in the rotor winding will increase and will produce 
more rotor current which will increase the electromagnetic torque produced by the 
motor. Conditions of equilibrium are attained when the rotor speed has adjusted to a 
new value so that the electromagnetic torque is sufficient to balance the mechanical 
or load torque applied to the shaft. The speed of the motor when running under full 
conditions is somewhat less than the no-load speed. 


12.4. SLIP 


— As earlier stated, the rotor speed must always remain less than the synchronous speed. 
The difference between the synchronous speed and the rotor speed is known as slip ' 
It is usually expressed as a fraction of the synchronous speed. Thus slip s is 


s 


N s -N 

N $ 


....( 12 . 1 ) 


or N = N s (l~s) 

where N s = synchronous speed (r.p.m.) 

N= motor speed (r.p.m.) 

In practice the value of slip is very small. At no-load, slip is around 1% or so and at full- 
load it is around 3%. For large efficient machines the slip at full-load may be around 1% only. 
The induction motor, is therefore, a motor with substantially constant speed and fills the same 
role as D.C. shunt motor. 

— When the rotor is stationary (standstill) its speed is zero and s = 1 . The rotor cannot 
run at synchronous speed because then there will be no rotor e.m.f. and no rotor 
current and torque. If the rotor is to run at synchronous speed an external torque is 
necessary. If the rotor is driven such that N> IV S , the slip becomes negative, the rotor 
torque opposes the external driving torque and the machine acts as induction 
generator. 

— The induction motor derives its name from the fact that the current in the rotor circuit 
is induced from the stator . There is no external connectioh to the rotor except for some 
special purposes. 

If the rotor reactance at standstill is X 2 its value at slip ‘s’ becomes sX 2 . This is very 
desirable. For at no-load the reactance becomes almost negligible and the rotor impedance is 
now all resistance. Further if the rotor resistance is small the rotor current is large, so that motor 
works with a large torque which brings the speed near to synchronous speed, i.e., the slip is 
reduced. 


12.5. FREQUENCY OF ROTOR CURRENT 


At standstill (i i.e when the rotor is stationary), the frequency of the rotor current is the 
same as the supply frequency (f). But when the rotor starts revolving, then the frequency depends 
upon the relative speed or slip-speed. If f r is the frequency of the rotor current, then 


P 




Also 
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Dividing ( i ) by ( ii ), we get 


or 


Ns f 0r 



fr = Sf 


....( 12 . 2 ) 


12.6. ROTOR E.M.F. AND ROTOR CURRENT 
Rotor e.m.f. 

When the rotor is stationary, an induction motor is equivalent to a 3-phase transformer 
with secondary short-circuited. Therefore, the induced e.m.f. per phase E 2 in the rotor at the 
instant of starting is given as : 


E 2 = E l *^ 
Ni 


...(12.3) 


where E x = applied voltage per phase to primary, i.e. f stator winding, 

N x = number of stator turns, and 
N 2 = number of rotor turns. 

When the rotor starts gaining speed,- the relative speed of the rotor with respect to stator 
flux, i.e. 9 slip, is decreased. Hence induced e.m.f. in the rotor, which is directly proportional to 
the relative speed , i.e. } slip , is also decreased and is given by sE 2 . Hence for slip *s\ the induced 
e.m.f. in the rotor is s times the induced e.m.f. in the rotor at standstill. 


Rotor current: 

Let, R 2 = rotor resistance/phase, 

L 2 = rotor inductance/phase, and 

E 2 = induced e.m.f. of rotor/phase at standstill. 

At standstill: 

Induced e.m.f. of rotor/phase = E 2 

Rotor winding resistance/phase = R 2 

Rotor winding reactance/phase, X 2 = 2nL 2 where /is the supply frequency 


Rotor impedance/phase, 




Rotor current/phase 



At slip ‘s’: 

Induced e.m.f. of rotor/phase 
Rotor winding resistance 
Rotor winding reactance 

Rotor winding impedance/phase 


sE 2 
= *2 

= 2nf r L 2 = 2nsfL 2 = s(2nfL 2 ) = sX 2 
= pl+(sX 2 ) 2 


Rotor current/phase, 


/ 2 = 


sE2 

+(sX 2 ) 2 


= , sE<1 - = - Sz - ...(12.4) 

^Rl+^X 2 p&sf^X 2 
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The rotor current I 2 lags the rotor voltage E 2 by rotor power factor angle <J> 2 , given by 


<j >2 — tan 


-m 


Power factor of rotor current, 


C0S<j>2 = 



...(12.5) 


12,7. TORQUE AND POWER 

The torque of an induction motor (being due to interaction of a rotor and stator fields), 

T oc <j>/ 2 cos <|>2 

where § = flux of rotating stator, 

I 2 = rotor current/phase, and 
cos <t> 2 = rotor power factor. 

Since rotor e.m.f./phase at standstill, E 2 oc cj) 

Tec E 2 I 2 cos 

or T~kE 2 I 2 cos <|> 2 where k is any constant. ...(12.6) 

Substituting the value of I 2 and cos <j> 2 from eqns. (12.3) and (12.5) in eqn. (12.6), we get 

T = kE 2 i sE2 - x— i —^ - 

^R 2 + s 2 X 2 ^R 2 + s 2 X 2 


ue. t 


T = 


ksR 2 E$ 


...(12.7) 


12.7.1. Starting Torque 

At start slipV = 1. Therefore, expression for starting torque may be obtained by putting 
s = 1 in eqn. 12.7. 


Starting torque 


kR 2 E 2 

st ~BZ +a? 


...( 12 . 8 ) 


12.7.2. Condition for Maximum Torque 

The value of torque when motor is running is given by 

ksR 2 E 2 


T = 


Rl + s 2 X 2 


Torque will be maximum when, 

sR% 


R% + s 2 X 2 


or 




^ + sX 2 


or 




^-x 2 4Z 

(VS J 


\ 2 


4 - 2R2X2 


is maximum, viz., - X 2 \[s = 0 
Vs 
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or 


s(=s mT ) = f- 

A 2 


(where s mT = slip corresponding to maximum torque) 


/. Maximum torque, 


kE\ 

2Xv 


.(12.9) 


...( 12 . 10 ) 


From the above expression, the following conclusions can be drawn : 

• Maximum torque is independent of rotor circuit resistance. 

• Maximum torque varies inversely as standstill reactance of the rotor. Therefore, to 
have maximum torque, stand still reactance (he., inductance) should be kept as small 
as possible. 

• The slip at which the maximum torque occurs depends upon the resistance of the rotor. 

The condition for getting torque will be maximum if 

f — 1 or R a = X 2 

12.7.3. Starting Torque of a Squirrel-Cage Motor 

The squirrel-cage rotor resistance is fixed and small as compared to its reactance which 
is very large especially at start (because at standstill the frequency of rotor current is equal to 
that of supply frequency). Hence, the starting current I 2 of the rotor, though very large in 
magnitude, lags by a very large angle behind E 9 ; consequently the starting torque per ampere is 
very poor. It is roughly 1.5 times the full-load torque although the starting current is 5 to 7 times 
the full-load current. Thus such motors are not suitable for applications where these have to be 
started against heavy loads. 

12.7.4. Starting Torque of a Slip Ring Motor 

In a slip ring motor the torque is increased by improving its power factor by adding external 
resistance in the rotor circuit from the star-connected rheostat ; as the motor gains speed the 
rheostat resistance is gradually cut out. This additional resistance, however, increases the rotor 
impedance and so reduces the rotor current. At first, the effect of improved power factor 
predominates the current-decreasing effect of impedance, hence starting torque is increased. But 
after a certain point, the effect of increased impedance predominates the effect of improved power 
factor and so the torque starts decreasing. 

12.7.5. Power 

Eqn. (12.4) can be represented by a simple series * 2 

circuit as shown in Fig. 12.4. 

It is seen from this circuit that per phase power 
input (gross) to rotor, 


P g = £ 2 7 2 C0S ^2 




where cos4> 2 = 


BqIs 


JS 7 


+ xf 


p g = 


E, 


..I 2 £2.= I< 


Ri 


...( 12 . 11 ) 


Fig. 12.4 Rotor equivalent circuit of an 
induction motor. 


t2 Pi 
I 2 

S 


fFFW+x f - 

An examination of Fig. 12.4 also shows that per phase powt , input to rotor is equal to 

as the reactance X 2 consumes no power. 
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P is the power transferred from stator to rotor across the air gap. In view of this, P g is 
called the air-gap power. The expression for P g may be written as 

= Rotor ohmic loss + internal mechanical power developed in rotor (P mech ) 
= sP g + (l-s)P g ...(12.12 a) 

...(12.126) 


Rotor ohmic loss = — -jP me ch. = sP g ....(12.12 c) 

Eqn. (12.11) reveals that ohmic loss 

/|i ?2 = sP g = s (power input to rotor) ...(12.13) 

Internal (or gross) torque developed per phase is given by 

j, _ internal mechanical power developed in rotor 

8 rotor speed in mechanical rad . per sec. 


a Pmech . „ (!~ s )Pg _ Pg 


©r 


(1 - $)co s 


...(12.14) 


Here 



2nNA 

60 J 


is the synchronous speed in mechanical radians per second . 


or 


Also 


T ~Eb- = 



©s ©s 


Rotor ohmic loss __ 1 j 2 By. 

(© s ) slip 2n(N s / 60) 2 s 


...(12.15) 


The power available at the shaft can be obtained from P g as follows : 

Output or shaft power, P sh = P m - mechanical losses (friction, and windage losses) 
P sh = P g - rotor ohmic loss — friction and windage losses. 

Output or shaft torque, 



Psh 

rotor speed 


Psh 

(1 — s)© s 


It stator input is known, then air-gap power P g is given by 

P g = stator power input — stator PR loss - stator core loss. 


12.8. EFFECT OF CHANGE IN SUPPLY VOLTAGE ON STARTING TORQUE 


We know that starting torque, 


st ■ B$+Xl 
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Since e.m.f. induced in rotor (at standstill) E 2 oc oc V 


Starting torque, 


T st =- 


where k' is another constant 

or T et oc V 2 

i.e., Starting torque is proportional to the square of the applied voltage. 

12.9. EFFECT OF CHANGE IN SUPPLY VOLTAGE ON TORQUE AND SLIP 

The torque acting on the rotor when the motor is running with slip V is given by 

rp ksRzE* 

Since e.m.f. induced in rotor (at standstill), E 2 oc (j> <x V 

T = k* sR^y^ where k f is another constant 
i?2 2 +S 2 X 2 2 

Since the slip ‘s’ at full-load is very low, therefore s 2 X| can be neglected in comparison 
with . 

= or Toe sV 2 

K? Jk 

When the supply voltage is changed , it changes the torque under running conditions also. 
With the decrease in supply voltage torque under running condition decreases, therefore, in order 
to maintain the same torque, slip increases or speed decreases. 

12.10. FULL-LOAD TORQUE AND MAXIMUM TORQUE 


Let, 

We know that, 
Full-load torque, 

Maximum torque, 


s f = full-load slip of the motor, and 
s mT = slip corresponding to maximum torque = 

X 2 


Tf = 


ksfRfiE\ 

R$ + tfX 2 

kE% 


rp - _ _2l 

lm ~ 2X 2 


T f ksfR^El! (1%+sfXl ) _ 2 s f RjX 2 
T m ~ kE\!( 2X 2 ) ~B% + sfXl 
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ue., 


2s f R l X 2 / (Xp 

(R | + s^X|)/(X|) [Dividing numerator and denominator by X 2 ] 

2sf{R 2 X 2 ) 2sfS m T 
' - (i ?2 / X 2 ) 2 + s 2 sf nT+ s 2 


Tf = 2 SfSjnT 
T q 2 _l q 2 

l m s f +i > lnT 


...(12.16) 


Sf S,nT 


' + 

S,nT Sf 


[Dividing numerator and denominator by s^y,] 


12.11. STARTING TORQUE AND MAXIMUM TORQUE 


or 


Tst . kRylQl(R* + X2) = 2RjX 2 2 (RyJXj) 

T m kE 2 l( 2X 2 ) Rf + Xf (R 2 IX 2 ) 2 + l 


TsL-_2SmT_ 

I'm S m v + 1 


(Dividing numerator and denominator by X 2 ) 

....(12.17) 


12.12. TORQUE-SLIP AND TORQUE-SPEED CURVES 


The expression for torque is as follows : 

ksR 2 E 2 
R 2 + s 2 X 2 


From the above expression it evident that: 

— Torque is zero when slip V = 0 ( i.e speed is synchronous). 

— When slip ‘s’ is very low the value of the term sX 2 is very small and is negligible in 
comparison with R 2 , therefore torque Tis approximately proportional to slip ‘s’ if rotor 
resistance R 2 is constant. This means that at speeds near to synchronous speed the 
torque-speed and torque-slip curves are approximately straight lines (Fig. 12.5 and 
12 . 6 ). 

— When the slip ‘s’ increases (i.e,, as, the speed decreases with increase in load) torque 


increases and reaches its maximum value when 



The maximum torque is also 


known as ‘pull-out’or ‘break-down’ torque. 
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Speed 


Fig. 12.5. Torque-speed curves. 


Fig . 12.6. Torque-slip curves. 


— When the slip is further increased the torque decreases. The result is that motor slows 
down and eventually stops. The motor operates for the value of slip between zero and 
that corresponding to maximum torque. 

With higher slip, i? 2 becomes negligible as compared to sX 2 and torque varies as follows; 

T oc - 5 ^ oc — if standstill reactance is constant' 
s 2 X$ s 

This means that speed-torque or slip-torque curves are rectangular hyperbola with the 
speed or slip beyond, that corresponding to maximum torque. Fig. 12.5 and 12.6 show that the 
torque-speed and torque-slip curves for different values of rotor resistance. It is observed that 
although maximum torque is independent of rotor resistance i? 2 , yet the exact location of T max 
is dependent on it. Greater the R 9 , greater is the value of slip at which maximum torque occurs. 


12.13. POWER STAGES IN AN INDUCTION MOTOR 


— Stator iron loss (consisting of eddy current and hysteresis losses) depends on the 
supply frequency and the flux density in the iron core. It is practically constant. 

— Rotor iron loss is negligible because the frequency of rotor currents under normal 
running conditions is always small. 

— Total rotor copper loss = 3/^R 2 (where I £ and R 2 are current and resistance of the rotor 
respectively). 
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12 . 14 . CRAWLING 

— It is observed that induction motors, particularly the squirrel-cage type, sometimes 
exhibit a tendency to run stably at speeds as low as one-seventh of their synchronous 
speed N s . This phenomenon is known as crawling of an induction motor. 

— A 3-phase winding carrying sinusoidal currents produces harmonics of the order n = 
6 N± 1, where N is an integer. The movement of the harmonics is with or against the 
direction of rotation depending upon the sign (+ means with the rotation and - means 

against the rotation). The synchronous speed of nth order harmonic is — th of the 

n 

synchronous speed of fundamental. 

For N = 1, three-phase winding would produce a forward rotating 7th harmonic and 
backward rotating 5th harmonic. Considering the 7th harmonic, the interaction between the 
fictitious stator and rotor 7th harmonic poles will produce a positive torque and if the torque is 
sufficiently pronounced it may prevent the motor speed exceeding one-seventh of normal Thus 
the motor crawls at about 1/7th the normal speed. 

12.15. COGGING 

When the number of rotor slots is equal to the number of stator slots , the speeds of all the 
harmonics produced by the stator slotting coincide with the speed of corresponding rotor 
harmonics. Thus harmonics of every would try to exert synchronous torques at their synchronous 
speeds and the machine would refuse to start. This is known as cogging (or magnetic locking). 
Therefore the number of stator slots should never be equal to the number of rotor slots. 

Cogging of squirrel cage motors can be easily overcome by making the number of rotor 
slots prime to the number of stator slots. 

12.16. DOUBLE SQUIRREL-CAGE MOTOR 

Fig. 12.7 shows a double squirrel-cage rotor. There 
are two sets of squirrel-cage windings. There are two sets 
of squirrel-cage windings. The upper cage (starting cage) 
arranged nearer to the airgap is made of high resistivity 
material —brass, aluminium, bronze etc. while the lower 
cage (running cage) is made of copper , the two cages are 
separated by narrow slits. As a result the lower cage has 
high permanence for leakage flux due to which the leakage 
reactance of lower cage is considerably higher than that of 
upper cage. The upper and lower cages may have either 
common short-circulating end rings or each of the cages has 
its own short-circuiting ring. 

The two cages, sometimes, may be made of cast aluminium. In this case a high active 
resistance for the upper cage is obtained decreasing its area of cross-section. 

At starting the frequency of rotor currents is high and is equal to supply frequency. The 
current is distributed between the upper and lower cages in the inverse proportion of their 
impedance and since the lower cage has a very high leakage reactance, its impedance is very 
large as compared with that of upper cage. Thus the current in the lower cage is small and 


Storting 

cage 



Fig. 12.7. Double squirrel-cage 
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therefore the current is confined to the upper cage which has a high resistance, this gives a very 
good starting torque. 

As the motor speed increases, the frequency of rotor 
currents decreases and this results in reduction of leakage 
reactance of lower cage. When the motor runs near about 
its full speed, the reactance of the cages becomes negligible 
and therefore the current divides itself in the inverse ratio 
of resistance. Since the resistance of upper cage is about 5 
to 6 times that of lower cage, most of the current is carried 
by the lower cage and the motor has the running 
characteristic of the low-slip general-purpose motor. 

The torque-slip (speed) characteristics of individual Fig. 12.8. Torque-slip curves of 

cages as well as resultant (or total) area shown in Fig. 12,8. double-squirrel-cage motor. 

This motor, however, is better adapted to adjust to suddenly applied loads , since at 
increased values of slip, the high-resistance winding again develops significant torque. With a 

starting current no more than 5~ times full-load current, the double-squirrel-cage motor is 

known as a low-starting current, high-starting-torque, low-slip motor. 

The double-cage induction motor is ideal for compressors. 

12.17. MEASUREMENT OF SLIP 

Following are some of the methods of measuring slip of an induction motor : 

1. Electromechanical counter. 

2. Mechanical differential counter. 

3. Stroboscopic method. 

12.17.1. Electromechanical Counter 

Perhaps the most simple and direct method of measuring slip ( i.e ., difference between 
synchronous speed and rotor speed) is to compare the speed of induction motor with a small 
synchronous motors speed as showm in Fig. 12.8. 

The synchro7ious motor employed must have 
the same number of poles as the induction motor. 

At the end of each shaft is a cylinder of phenolic or 
other suitable insulating material into which has 
been fitted a circular slip ring to which a small 
contactor is connected as shown in Fig. 12.9. The 
slip rings are connectd to a voltage source in series 
with an electric pulse counter, either of the 
electrochemical relay type or an electronic digital 
pulse counter. The synchronous motor always runs 
at synchronous speed, which is the speed of the 
rotating field of the induction motor. Each time the 
induction motor slips, a revolution, the 
synchronous, and induction motor contactors close 
the circuit and register a pulse. The number of 

pusles registered per minute is the slip in r.p.m. Fig. 12.9. Electromechanical counter. 
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12.17*2. Mechanical-differential Counter 

Fig. 12.10 illustrates the use of a mechanical differential whose output gear rotates at a 
speed equal to the difference of two input gears to which the synchronous and induction motor 
shafts are connected. 

A mechanical counter or a low-speed electric or mechanical tachometer is used to record 


the slip speed directly. 

This method has a disadvantage in loading the induction motor slightly because of the 
friction and drag in the gearing of the differential, and it should not be employed with small 
induction motors for measurement of slip. An electric differential with less effective drag may 

be employed for small induction motors. r— Mechanical 

/ differential 



Fig. 12.10. Mechanical differential counter . 


12.17.3. Stroboscopic Method 

In Fig. 12.11 a black disc with white sectors, equal in number to the number of poles of 



Supply 
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the induction motor , is attached to the induction motor shaft. It is observed through another 
disc having an equal number of sector-shaped slits and carried on the shaft of small self-starting 
synchronous motor , in turn fitted with a revolution counter which can be thrown in and out of 
gear at will. 

If n = number of passages of the sectors, then 

. _ lOOn 

Slip m per cent - 

* nsUr 

where n s = number of sectors, and 

n T - number of revolutions recorded by the counter during the interval of observation. 
For large values of slip the observations can be simplified by using only one sector; then 

n - slip in revolutions. 

With a synchronous light source to illuminate the target on the induction-motor shaft, 
the synchronous motor is no longer necessary. An arc lamp connected across the A. C. supply 
may be used, but the carbons must be readjusted from time to time. A neon lamp makes a 
satisfactory source of light when the general illumination is not too bright. 

12,18. INDUCTION MOTOR AS TRANSFORMER 

An induction motor is essentially a transformer with stator forming the primary and rotor 
forming (the short-circuited) rotating secondary (Fig. 12.15). This is so because the transfer of 
energy from stator to the rotor of an induction motor takes place entirely inductively with the 
help of flux mutually linking the two. 



Fig. 12.15. Induction motor as transformer. 

The vector diagram (Fig. 12.16) is similar to that of a transformer. 

V^E^I^R.+jX,) 

and E r = I 2 ( R 2 + jsX 2 ) 

However, the important differences between a transformer and an induction motor are : 
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1. In induction motor the magnetic leakage and 
leakage reactance of rotor and stator are higher than in a 

transformer. 

2. The magnetic circuit of an induction motor has an 
air gap and this makes the per unit value of magnetising 
current much higher than that of a transformer. 

3. Because of the distributed windings in an 
induction motor the ratio of stator and rotor currents is not 
equal to the ratio of turns per phase in the rator and stator 
windings. 

4. The losses in an induction motor are higher and, 
therefore , the efficiency is lower than in a transformer. 

12.18.1. Rotor Output 

Primary current I x consists of two parts I Q and If. 
It is the latter which is transferred to the rotor, because I 0 
is used in meeting the copper and iron losses in the stator 
itself. Out of the primary voltage V v some is absorbed in 
the primary itself (= I x Zf) and the remaining E x is 
transferred to the rotor. If the angle between E 2 and If is 
<f>, then 

Rotor input/phase = E x If cos <f> 

Total rotor input = 3E x If cos (j> 

The electrical input to the rotor which is wasted in 
the form of the heat 

= 3 I 2 E r cos <|> (or 3I 2 2 R 2 ) 



Fig. 12.16 ’ Vector diagram of 
induction motor. 


Now If = KI 2 or I 2 ~ 

E r = sE 2 and E 2 = KE X 
E r - sKE x 

Electrical input wasted as heat 

= 3 x (If IK) x sKE 1 cos <j>) 

= 3E x If cos <(> x s = rotor input x s 
Now, rotor output = rotor input - losses 

= SEJf cos <j> - 3E x If cos <j> x $ 

= (1 -s) E x If cos (p~ (1- s) rotor input 


Rotor output ^ ^ 

Rotor input 

Rotor copper loss = s x rotor input 


-o , „ N actual speed 

Rotor emciency 1 - s = — =--- 

N s synchronous speed 


12.18.2, Equivalent Circuit of the Rotor 

The rotor current / 2 , when motor is loaded, is given by 
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From the above relation it appears that the rotor circuit which actually consists of a fixed 
resistance i? 2 and a variable reactance sX 2 (proportional to slip) connected across E r = sE 2 [Fig. 
12.17 (i)] can be looked upon as equivalent to a rotor circuit having a fixed reactance X 9 connected 
in series with a variable resistance R 2 /s (inversely proportional to slip) and supplied with constant 
voltage E 2 as shown in [Fig. 12.17 (»)]. * 



SX, 



Fig. 12.17. Equivalent circuit of a rotor. 
Also, the resistance R 2 fs can be written as, 


It consists of two parts : (i) The part i? 2 
is the rotor resistance itself and represents the 
rotor copper loss ( ii ) the second part is 

-1 j. This is known as load resistance R L 

and is the electrical equivalent of the 
mechanical load on the motor * In other words 
the mechanical load on an induction motor 
can be represented by a non-inductive 




resistance of the value R 2 


Fig. 12.18. Equivalent circuit of a rotor with load 
resistance R L . 


In Fig. 12.18 is shown the equivalent rotor circuit along with the load resistance R l . 


12.19. EQUIVALENT CIRCUIT OF AN INDUCTION MOTOR 

The equivalent circuit for a polyphase induction motor is shown in Fig. 12.19, where 
Vj = applied voltage per phase 
= stator resistance/phase 
R 2 ~ rotor resistance/phase 
X l = stator leakage reactance/phase 
X< ? = rotor standstill leakage reactance/phase 
K = turn-ratio of secondary to primary 
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Rq = no-load resistance/phase 
X Q = no-load reactance/phase 


Rotor being driven at 
synchronous speed. 



r l=7* 




Fig. 12.19. Equivelent circuit of an induction motor. 

As shown in Fig. 12.20 the exciting circuit may be transferred to the left, because 
inaccuracy involved is negligible but the circuit and hence the calculations are very much 
simplified. This is known as the approximate equivalent circuit of the induction motor. 

Maximum Power Output. Refer Fig. 12.20. 


Here 




X 01 = X 1 +X 2 =Xi + A2 


K 2 



Fig. 12.20 . Approximate equivalent circuit of an induction motor. 
Load resistance, 


R L , = R L IK 2 =jk{ J : ! 


Gross mechanical power output, 

P = 31 ' 2 R 


But 



p g = 


(Roi + Rl) 2 + (X 01 ) 2 
3V?Rl 

(i4i + P L ') 2 + (X 0 i) 2 


...(12.18) 
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The condition for maximum power output can be obtained by differentiating the above 
equation and by equating, the first derivative to zero. If it is done, it will be found that 

Rl =^(Rnf + (X Q1 f =Z nl 

Hence the gross mechanical power output of the motor is maximum when the equivalent 
load resistance R L 'is equal to the standstill leakage impedance of the motor Z ov 
Putting R l ' = Z 01 in eqn. (12.18), we get 


r g(max) : 


3V,%i 


(Ro l + Z 01 f + (X 01 f 


W?Zqi 

Rl l + Xl l + Z 2 01 + 2R 01 Z 01 


3V 2 


2(Roi +Zo\) 

The shp corresponding to maximum gross mechanical power output will be given as 


(12.19) 


Zm = Rl 


* 2 / 1-1 

k 2 L 


0r R2/K 2 + Z 01 

12.20. INDUCTION MOTOR LOSSES AND EFFICIENCY 


....( 12 . 20 ) 


In an induction motor following losses occur : 

1. Copper losses due to current in the conductors. 

2. Core loss in the iron. 

3. Friction and windage due to rotation. 

There are copper losses and core losses in the stator, and copper losses and frictional losses 
in the rotor . Acutally there is some core loss in the rotor. Under operating conditions, however, 
the rotor frequency is so low that it may logically be assumed that all core losses occur in the 
stator only. 

The efficiency of induction motor can be determined (as with any rotating equipment) by 
loading the motor and measuring the input and output directly. This method, however, is not 
always desirable, because of the inherent inaccuracy, or may not even be feasible, because of 
the inability to simulate an actual load. The latter is especially true in the case of large machines. 
A.6 with D.C. dynamos and the transformer, therefore, a method of measuring the losses with 
electrical instruments only is used . Since the circuit of the induction motor closely approximates 
that of the transformer* losses may be measured in a manner virtually identical with that used 
for transformers. The method is the following : 

1. No-load or Open-circuit Test. This test is performed to determine the following: 

(i) No-load current J 0 (ii) No-load power factor cos <j> 0 

(Hi) Windage and friction losses (iv) No-load core losses 

(v) No-load input (vi) No-load resistance R 0 and reactance X 0 . 

The test is conducted as follows : 

The motor is uncoupled from its load, and rated voltage is applied to the stator. Since there 
is no power output, the power supplied to the stator furnishes its copper loss, its core loss, and 
the friction and windage loss in the rotor. Since shp at no-load is often within one-tenth of one 
per cent, the rotor current is practically zero, and hence the analogy to the no-load test of the 


Downloaded From : www.EasyEngineering.net 







Downloaded From : www.EasyEngineering.net 


POLYPHASE INDUCTION MOTORS 


12.19 


transformer. However the no-load stator current of the induction motor is comparatively large, 
and therefore copper losses in the stator may not be neglected as they were for the transformer 
primary. It is thus necessary to calculate this copper loss and subtract from the no-load input in 
order to obtain the sum of the core and friction and windage losses of the motor. 

Speed and flux vary but little from no-load to full-load, and these losses may be assumed 
constant for the operating range of the polyphase induction motor. 

Knowing the total core losses, P coie , no-load current per phase I 0 and applied voltage per 
phase V (Fig. 12.21), the values of magnetising current, I m , wattful current I w , no-load resistance 
R 0 and no-load reactance -Y (| are determined as follows : 

P 

No-load power factor, cos <b n = ■ - or - 

Vo 3V7 0 


In, I(\ COS (bn — Jo ^ - 


3V7o 3 V 


4.*i fif< 


^ - T" and Xq - 4— 


2. Blocked Rotor or Short-circuit Test. This test is performed to determine : 

(i) Short-circuit current I HC with normal voltage applied to stator. 

(] ii ) Power factor on short-circuit. 

( iii ) Total equivalent resistance and reactance of the motor as referred to stator. 

(: iv ) Full-load copper loss. 

The test is conducted as follows (Fig. 12.21). 

• The rotor is prevented from turning by blocking it, and a low voltage of less than 10 
per cent of rated is applied to the stator. This voltage is best applied through a variable 
auto-transformer, or three-phase Variac. Suitable resistors in series with the motor- 
stator terminals may also be used, but care must be taken that the resistors are 
identical so that balanced voltage may be applied to the stator. 





Fig. 12.21. Efficiency test of induction motor. 
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• The voltage is then gradually decreased until rated current is obtained in the stator. 
Since the voltage required is quite low, the power supplied to the stator will be 
dissipated as copper loss in both stator and rotor. It is thus assumed, as in the static 
transformer short-circuit test, that the core loss is negligible. This will enable us to 
calculate an equivalent resistance of the motor referred to the stator terminals and 
to use this value of resistance to correct our readings of the no-load test. 

If at short-circuit, 

V s = applied voltage/phase, 

I s = short current/phase in the stator winding, 

P s = total input power, then 


and, power factor, cos 4> s = —- ■ 

o VS*S 

Since input on short-circuit meets with stator and rotor copper losses ahd core losses, core 
losses being very small can be neglected, therefore, 

Input on short-circuit, P s = 3/ s 2 R 01 
or Equivalent resistance per phase referred to stator, 


-Roi = 


JL 

3/ s 2 


Motor equivalent impedance per phase as referred to stator, 



Motor equivalent reactance per phase as referred to stator, 

The wiring diagram to be used for both tests is Shown in Fig. 12.21. 


Determining the efficiency of an induction motor by the use of the equivalent 
circuit. 


It is seen that the efficiency calculation based on equivalent circuit of induction motor 
actually requires three tests : 

1. Measurement of stator resistance with direct current. 

2. No-load test to obtain the constant loss. 

3. Load run to measure the total input and the slip. 

The following procedure is adopted for determining the efficiency of an induction motor 
by the use of the equivalent circuit: 

(i) Determine the D.C. stator resistance per phase. A multiplying factor of 1.25 may be 
used to convert the D.C. resistance to 1 effective resistance', since effective resistance is somewhat 
between 1.15 and 1.40 times the D.C. resistance (due to skin effect). 

(ii) Measure the power input to the stator with the load uncoupled. 

(Hi) Calculate the stator copper loss at no-load. 

(iv) Subtract the no-load copper loss from the no-load power input. This is the constant 
loss, which is the sum of the friction, windage, hysteresis, and eddy-current losses. 

(v) Load the motor, and measure the power input, line current and slip. 
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(vi) Calculate the stator copper loss at the given load. 

(vii) Subtract the stator copper loss from the motor power input to calculate the power input 
to the rotor. 

(viii ) Multiply the rotor power input by the slip s to calculate the rotor copper loss. 

(ix) Calculate the total loss in the rotor by adding the rotor copper joss and the constant 

loss. 

(x) Subtract the total rotor loss from the rotor power input to obtain the power output of 
the motor. 

Although calculation of efficiency from the equivalent circuit is considered more accurate 
than the previous method, it does have drawbacks. A load run must be performed, and slip must 
be accurately measured. The second factor is not a serious drawback since a technique of direct 
simple measurement can be easily used. Nevertheless, the efficiency test using the no-load run 
and blocked-rotor test is sometimes used , despite the fact the efficiency measured in this manner 
is slightly lower. 

12.21. STARTING OF INDUCTION MOTORS 

Small induction motors (up to 2 kW) capacity may directly be switched on to the supply 
mains, but those of higher capacity must use some type of starting device, or starters as they 
are commonly called. The function of these starters is to restrict the initial , rush of current, which, 
in the case of induction motors, is about 5 times the full-load current. This excessive current 
has two major upsetting effects, namely, a large voltage drop in the distribution network and 
causing stoppage of machines which are already running on the supply mains. Hence the 
Electrical Undertaking Authorities forbid the users of large capacity induction motor to directly 
switch on their machines. 

The principle of all starting devices is to impress lower voltage on stator phases at the time 
of starting , or if the motor is slip ring or wound rotor , then to include external resistance in each 
rotor phase to keep the initial rotor current to a low value, this consequently means less current 
in the stator phases and therefore in the supply mains. 

Direct-on-line starting of induction motors. This method means switching the motor 
directly on to the supply without using any device for reducing the starting current. The method 
is restricted to small motors up to about 2 kW. For these small motors, the starting torque is 
about twice the full-load torque. Hence the starting period lasts only a few seconds. 

We know that, 


Rotor input 

Also, rotor copper loss 


= 2tt N s T=kT 
= s x rotor input 


3 — skT 



[if R. ? is the same] 


s 


Now 




s s 


At starting 


s = 1 

T st = KI st 2 where I st = starting current 

Ij — normal full-load current 
s^~ full-load slip 


If 
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then 



When the motor is direct-switched on to normal votlage , then starting current is the short 
circuit current I sc . 



...( 12 . 22 ) 


Some of the starting devices for starting induction motors are discussed below : 
Squirrel-Cage Motors: 

(£) Stator rheostate starter. 

(u) Auto-transformers (auto-starters). 

(iii) Star-delta starter. 

Slip Ring Motors: 

(1) Rotor rheostat 

12.21.1. Squirrel-Cage Motors. 

12.21.1.1. Stator Rheostat Starter. The connection diagram is shown in Fig. 12.22. 


To 3-<t> supply 



Stator 

resistors 


V 




Fig. 12.22. Sfq^fl^M^Ff^^^^ww.EasyEngineering.net 
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Reduced voltage is impressed on each stator phase due to the resistance R of the rheostat. 
Hence the initial current drawn from the supply mains will .be less than if the machine were to 
be switched directly on to the supply mains. 

If x = fraction of voltage (V) reduced by the stator resistors, 

Then / s( = xl sc and T sl = x 2 T sc 





Sf = 


Xl sc 

If 


Sf - X’ 


If 


s f 


...(12.23) 


• This method is suitable for starting of small machines only. 

Advantages : 1. High power factor during start. 

2. Smooth acceleration. 

3. Less expensive than auto-transformer starter in lower output ratings. 

4. Closed transition starting. 

Disadvantages : 1 . Heat is given off by the resistors. 

2. Expensive resistors are required because starting duration usually exceeds 5 seconds. 

3. Low torque efficiency. 

12.21.1.2. Auto-transformers. Fig. 12.23 shows the connection diagram for auto¬ 
transformer starting of squirrel-cage induction motors. 

In this method the reduced voltage is obtained by taking tappings at suitable points from 
a three-phase auto-transformer (Fig. 12.22). The auto-transformers are generally tapped at the 
50, 60 and 80 per cent points, so that adjustment at these voltages may be made for proper 
starting torque requirements. Since the contacts frequently break large values of current arcing 
is sometimes quenched effectively by having them assembled to operate in an oil bath. 



Fig. 12.23 . Auto-transformer starter. 
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Relation between starting (T st ) and full-load (T f ) torques. Let the motor be started 

by an auto-transformer having transformation ratio K. If l sc is the starting current when normal 
voltage is applied and applied voltage to stator winding at starting is KV, then 
Motor input current, l $t = KI gc 

Supply current - Primary current of auto-transformer 

= Pi 

sc 


Xs f ...(12.24) 

In may be noted that this expression is similar to eqn. (12.23) except that x has been 
replaced by the transformation ratio R . 

Advantages : 

1. Voltage is reduced by transformation and not by dropping the voltage in resistors, 
and therefore, the current and power drawn from the supply mains are also reduced 
in comparison to resistor starting. 

2. Availability of highest torque per ampere of supply current. 

3. Adjustment of starting voltage by selection of proper tap on the auto-transformer. 

4. The method is suitable for long starting periods.' 

5. Motor current larger than supply current. 

6. Closed transition starting. 


Ik. 

Tr 


L sc 

If 


c Sf - K' 


Disadvantages: 


1. Low power factor. 

2. Higher cost in case of lower output rating motors. 

• This method can be used for storting of star-connected as well as delta-connected motors. 

• This method is often employed for starting of large cage motoi's (rating exceeding 20 feW) 


12,21.1.3. Star-Delta Starter. Star-delta 
switching method is based upon the principle that with 
threee windings connected in star, voltage across each 


winding is 


1 

7s 1 


i.e., 57.7% of the full line to line voltage 


whereas the same windings connected in delta will have 
fuil-line-to-Iine voltage across each. 


The star-delta starter connects the three stator 
windings in star across the rated supply voltage at the 
starting instant. After the motor attains speed the same 
windings through a change over switch are re-connected 
in delta across the same supply voltage. 

The basic connection diagram of a star-delta 
starter is shown in Fig. 12.24. An actual starter 
incorporates under-voltage and over-load coils. The 
starter is also provided with a mechanical inter-locking 
device to prevent the handle from being put in the ‘Run 
position first. Such starters are employed for starting 
3-phase squirrel-cage induction motors of rating 
between 4 kW and 15 kW. 



Fig. 12.24. Star-delta starter. 
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When star -connected, the applied voltage over each motor phase is reduced by a factor 

* and hence the torque becomes ~ of that which would have been developed if motor were 

V3 

directly connected in delta. The line current is reduced to . Hence, during starting period when 

motor is star-connected, it takes ~rd as much starting current and develops -^rd as much torque 

as would have been developed were if directly connected in delta. 

Relation between T st and T f : 

I st per phase = I sc per phase 

where is the current per phase which delta-connected motor would have taken if switched 

on to the supply directly; however, line current at start is equal to ~ of line / sc . 

o 

Now, starting torque, T sl =c4(s = i) 

Full-load torque, Tf <x Ij / Sf 


1 st _ 

Tf " 


y 


\ 2 


Sf = 


7 W, 


s f =- 


\2 


i.e., 


Ll 

Tf 


lSC 

Jt. 


\2 


...(12.25) 


Here, I st and I sc represent phase values. 

• This method reduces the starting line cvfrrent to one-third but the starting torque is 
also reduced by the same amount. 

• This method is cheap but limited to applications where high starting torque is not 
necessary e.g ., machine tools, pumps, motor-generator sets etc. 

• The method is unsuitable for motors for voltage exceeding 3000 V because of the 
excessive number of stator turns needed for delta connection. 

• Such starters are employed for starting 3-phase squirrel cage induction motors of 
rating between 4 and 20 kW. 

Precaution with star-delta starting. When the motor is started in star the initial 
current flowing is 57.7% of the short-circuit current in delta together with a transient in each 
phase. The transient currents decay rapidly but the steady state is not reached until the motor 
has attained 70% of its synchronous speed. The change-over from star to delta connection should 
not be made until the motor attains 90% of synchronous speed, otherwise there will be a current 
surge considerably greater than full-load current which may even be greater than the standstill 


current with star-connection. 


12.21.2. Slip-ring Induction Motors—Starting of 


(t) Rotor rheostat. The slip-ring induction motors are practically always started with 
full line voltage applied across the stator terminals. The value of starting current is adjusted 
by introducing a variable resistance in the rotor circuit The controlling resistance is in the form 
of rheostat connected in star (Fig. 12.25), the 
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Fig. 12.25. Starting of slip-ring induction motor. 

as the motor gathers speed, By increasing the rotor resistance, not only is the rotor (and hence 
stator) current reduced at starting but at the same time torque is also increased due to 
improvement in power factor. 

The rheostat is either of stud or contractor type and may be hand operated or automatic. 

As discussed earlier, the introduction of additional external resistance in the rotor circuit 
enables slip-ring motor to develop a high starting torque with reasonably moderate starting 
current. Hence such motors can be started under load. When the motor runs under normal 
conditions the rings are short-circuited and brushes lifted from them. 

12.22, SPEED CONTROL OF INDUCTION MOTORS 

The rotor speed of an induction motor may be stated by the equation 

jV = 120/(i- s ) 

P 

where, N - rotor speed in r.p.m. 

/= frequency of supply, 
p - number of poles, and 
s = fractional slip. 

This shows that a change in any one of these quantities will affect its speed, namely : 

( i ) change of frequency; ( ii ) change of number of poles; and 

(Hi) change of slip. 

1. Control by Changing Frequency. This method is impractical for most applications 
because frequency of the supply must remain fixed. In special cases where the motor load is the 
only load connected to generators, the speed of the prime-movers may be varied to change the 
supply frequency and thus change the motor speed. The range over which the speed may be 
varied in this way, however, is limited by the range of economical speeds of the drives. 

This method of control has been applied to a limited extent in ship propulsion. 

2. Control by Changing Number of Poles. Change in the number of poles is effected 
by making change in the stator winding connections with the help of suitable switching 
arrangement. When the speed ratio is 2 : 1, the ‘ Consequent Pole method is adopted and is shown 
diagramn atically in Fig. 12.26. 
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Fig. 12.26. Speed control by changing number of poles. 

Two distinct windings are on the stator producing the same number of poles, one winding 
creates two N-poles and the other two S-poles as shown in Fig, 12.26 (a). This gives four poles, 
and the synchronous speed at 50-Hz is 1500 r.p.m. 

If the connection of one of the windings is reversed [Fig. 12.26 (6)], there will be in all 
four N-poles or four S-poles, depending upon which of the winding connection is reversed. But 
in between these poles other four poles of opposite polarity will be created. Thus the stator now 
has eight poles and its synchronous speed is 750 r.p.m. 

The 2 • 1 change in speed is rather drastic. Hence motors are manufactured with two 
windings one’is so wound that is created 8-poles and the other 10-poles, the synchronous speeds 
being 750 r.p.m. and 600 r.p.m. respectively. But the disadvantage is that at either speed only 
50 per cent stator copper is utilised, since only one winding is in use at a time. 

In the case of squirrel-cage motors, change in the number of poles on the stator does not 
affect the existing arrangement on the rotor. But in case of wound rotors, the number of poles 
on the stator must equal to the number of poles on the rotor. Otherwise there will be a greater 
reduction in torque due to some rotor conductors developing a negative torque. 

3. Control by Changing Slip. Change in slip is effected by introducing an external 
resistance in rotor circuit of wound rotors. But this is done at the sacrifice of efficiency and besides 
the speed regulation is poor. 

These disadvantages are more or less overcome by : 

• Supplying counter e.m.fs. to the rotor at slip frequency. This method requires 
auxiliary commutating machine which injects e.m.fs. into the rotor at rotor frequency 
through the slip rings. This method had the advantage of providing a wide adjustment 
in speed without serious reduction in efficiency. Its use in limited, however, to very 
special applications that use large amounts of power in a single unit. 

• Supplying counter e.m.fs. to the rotor at supply frequency. This method 
requires a commutator for the rotor, 

4. Control by Cascade or Tandem Connection. Where multiple speeds are desired, 
motors are sometimes operated in tandem or cascade. When so used, two motors sore rigi y 
coupled to the same shaft or are otherwise mechanically linked, as by means of gears. The stator 
winding of the first is connected to the mains in the usual way, while that of the second stator 
is fed from the rotor winding of the first, as shown in Fig. 12.27. 
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Fig. 12.27. Wound rotor motors connected in tandem. 

If the two machines are designed for the same voltage, as is usually the case, the turn 
ratio of stator to rotor of the first machine should be unity. The second rotor may have a cage 
winding or a polyphase winding like its stator. In the latter case the rotor circuit of the second 
motor is connected to slip rings in the usual way, in order that resistance may be introduced 
while starting and for securing additional speed control when running. 

The motors may be so connected that both tend to run in the same .direction, or the phase 
rotation of one motor may be reversed, thus tending to make it rotate in the reverse direction. 
In either case the set will run after it is started, but in the latter case no starting torque is 
developed, and for this reason this connection is little used. If the first machine haspj poles and 
the second hasp 2 poles, the synchronous speed of the set is that of a motor withp, +p 2 poles for 
the first case andp -p 2 poles for the second. lfp l andp 2 are not equal, four synchronous speeds 
are possible, two with tandem operation and one for each motor separately. Some applications 
of this method of control are found in European railways. 

The expression for the speed of set is derived as follows : 

Let the frequency of the supply voltage be fy and let machines M l and M 2 have p L and p 2 
number or poles respectively. Let the two machines, My and M 2 run with slip of Sj and s 2 
respectively. 

Speed in r.p.m. of My = N\ = 1 -(1 - s*) 

1 A 

Speed in r.p.m. of M 2 = N 2 = - $ 2 ) 

1 P2 

But the shafts are mechanically coupled, therefore 

N^N 2 

Also 4 = 

Hence substituting the value of / 2 , we get 

N 2 = 120 ^ -(1-S2) 

P2 

Equating the expression for Ny and N 2 and solving for s 1? we have 
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IMA ( i_ Si) = !20a&(i ) 

Ni P2 


Si 


Pi 

Pi-PIS2 + P2 


P2 

AC*” A>) + A 


...(12.26) 


But when the rheostat is short-circuited, s 2 approaches zero, the above expression then 
reduces to 


si = 


Pi 

A + P 2 


But 


N sl +.M 
s i =* T — 
N s i 


where N sl is the synchronous speed of M x 

N Sl ~ N 1 - PI 

N s \ ■ Pi + Pi 


....(12.27) 


Solving for N, y we have Ni = N s i ——— 

A + A> 

However, N sl p l = 120 f v so that substituting the value of N $l p l in the above expression it 
becomes 

Ni = 12Q ^ - r.p.m. ....(12.28). 

P 1 + P 2 

Equation (12.28) shows that the speed of the set is that of a single machine having the 
number of poles to the sum of the numbers of poles of the two machines. Hence the set can give 
four diffferent speeds. 

12.23. ELECTRICAL BRAKING OF POLYPHASE INDUCTION MOTORS 

The most simple way to stop an induction motor (or any other type of motor) is to 
disconnect the terminals from the supply. Torque is no longer developed, and the combined effect 
of the rotor and external load brings the motor to rest. 

When rapid and more positive action is required, mechanical or electrical braking may * 
be employed, but the latter has many advantages, particularly where precise control of the 
stopping moment and smoothness of operation and required. 

Following are the three main methods of electrical braking of induction motors : 

1. Plugging (or counter-current braking); 

2. Dynamic (or rheostatic) braking; 

3. Regenerative braking. 

1. Plugging: 

• It is known that the rotor of a polyphase induction motor develops torque in the same 
direction as the rotating magnetic field set up by the stator winding. Also if any two v 
stator leads are reversed, the rotating magnetic field is also reversed. If, therefore , a 
pair of stator leads are reversed while a motor is rotating, torque is suddenly produced 
opposite to the original direction of rotation . This reverse torque causes rotation in 
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the opposite direction as soon as the motor stops, therefore provision must be made 
to dissconnect stator completely from the supply lines when the motor stops. A plugging 
controller must therefore be used in conjunction with a switch. The plugging switch 
is coupled to the motor and opens when the motor stops. It is connected in the control 
circuit so that it permits operation of controller s reversing current when the motor 
rotates in a given direction only. When the motor stops, the reversing circuit is opened 
by the plugging switch, and the motor is completely disconnected from the supply lines. 

• The moment the stator field reverses, the slip suddenly increases from a small per 
cent to two hundred per cent, since the rotor and field are now rotating in opposite 
directions. The rotor induced voltage also increases by a great amount, and hence there 
is a large in rush of stator current. Moreover, the high slip causes a ; high rotor 
reactance , and hence a very low power factor in the stator. 

After plugging has started, the best possible conditions occur when the motor stops, slip 
is unity, and the current and power factor are the same as when the motor is started with full 
voltage. Although the above conditions occur during a very brief period of time, they may cause 
disturbances in the supply and therefore, this as well as how frequently plugging is required, 
must be considered before a decision can be made to as whether or not plugging is the best way 
of bringing a motor to quick halt. 

• During the period of plugging, since the induced e.m.f. in the rotor is very high, the 
rotor current and thereby stator current are very high. However, braking current can 
be redued by inserting external resistance in the rotor circuit and as such wound rotor 
motors are beneficial as compared to squirrel cage rotor motors. 

— Squirrel cage motors of about 20 kW output are plugged direct, using the star 
connection if a star-delta switch is provided. Larger motors need stator resistors. 

— Wound rotor motors employ rotor resistors for current limitation as well as developing 
higher braking torques. 

• Plugging is advantageous employed in the case of reversing devices where braking and 
starting up of induction motor in reverse direction comprises stages of the same 
continuous process. 

2. Dynamic (or rheostatic) braking : 

• The dynamic or rheostatic braking in case of a polyphase induction motor can be 
realised by disconnecting the stator winding from the A.C. supply and fexciting it from 
a D.C. source to produce a. stationary D.C. field. 

• In dynamic or rheostatic braking, the stator winding is employed on a D.C. field widing 
and the rotor winding as an armature winding. 

— With a wound rotor machine, external resistors can be inserted into the rotor circuit 
to provide a load. 

— With squirrel cage machines, however, the rotor winding itself has to form the load. 
The source of excitation may be provided by : 

(i) an independent D.C. source, or 

(ii) from the A.C. mains through a transformer-rectifier set. 

• The magnitude of the braking torque developed by the motor depends upon 

( i ) The excitation (strength of the field developed by the stator winding); 

(ii) The rotor circuit resistance; 

(Hi) The speed of the motor. 
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Braking torque can be controlled by any or both of the following methods : 

1. By controlling the D.C. excitation. 

2. By varying the rotor resistance. 

• A.C.dynamic braking is not popular owing to relatively high cost of capacitor banks. 

• D.C. dynamic braking takes little power from the supply and provides smooth braking 
torque, useful for mine winders and high inertia loads. 

It entails the following advantages over plugging: 

(i) The absence of the reverse-rotation air-gap field (and, therefore, no tendency for the 
machine to run backwards). 

(ii) Lower rotor PR loss. 

• The advent of automatic control of dynamic braking of induction motors employing 
closed loop systems has made induction motors more popular than D.C. motors, 
especially for the drives employed in mine hoists. 

3. Regenerative braking: 

• When an induction motor runs at speed above synchronous speed, it operates as an 
induction generator and feeds power back to the supply line; thus regnerative braking 
is an inherent characteristic of an induction motor. 

The following processes may be employed to operate 3-phase induction motor at speed 
above synchronous speed : 

(i) Downward motion of a loaded hoisting mechanism such as crane hoists, excavators 
etc. 

(ii) Switching over to a low frequency supply in frequency controlled induction motors 
in order to reduce the speed of operation of the drive. 

(iii) Switching over to a large number of pole operation from a smaller one in multi-speed 
squirrel cage motors. 

In all the processes mentioned above the slip and torque developed becomes negative and 
thus the machine acts as a generator , reeeving mechanical energy and^giving it back to the supply 
system in the form of electrical energy. 

• In case of a squirrel cage induction motor, stable speed is obtained at a speed 
considerably in excess of the synchronous speed and the regenerative braking cannot 
be applied unless the motor is specially designed to withstand the excessive speed. 

• The main disadvantage of this method of braking is the possibility of braking only at 
super-synchronous speeds and, therefore, seldom used for braking. 

• This method can be used only in hoisting type of mechanism or with a multi-speed 
squirrel cage motor . It returns about 20% of the total energy on certain railway runs 
and saves a grate deal of brake shoe wear. 

12.24. FACTORS GOVERNING PERFORMANCE OF INDCUTION MOTORS 

The operating or performance characteristics of an induction motor are governed by the 
following factors/parameters : 

1. Rotor resistance; 2. Air gap length; 

3. Shapes of both stator and rotor slots and teeth. 

1. Rotor resistance : 

• The rotor resistance is the most important parameter and is determined primarily 
by the material used in construction and the area of cross-section of the end rings in 
case of a squirrel case induction motor. The commonly used materials are copper and 
aluminium. 
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• An increase in rotor resistance affects the performance of the motor as mentioned 
below : 

— With the increase in starting resistance the starting torque increases until it attains 
the maximum value, after which it diminishes. 

— An increase in rotor resistance redues the starting current and operating efficiency 
and causes increase in per cent regulation. The maximum torque remains 
unaffected because it depends upon the rotor reactance only. 

2. Air gap length : 

• The air gap is one of the two main sources of the low power factor at which the 
induction motor operates. 

• Too much reduction of air-gap may cause 

— increase in noise, pulsation losses and magnetic pull; 

— reduction in over-load capacity. 

3. Shapes of both stator and rotor slots and teeth : 

• The shapes of rotor teeth and slots affect the reactance, which in turn, affects the 
starting current and maximum torque. The induction motors with deeper slots have 
more leakage reactance and so less value of starting current, maximum torque and 
slip corresponding to maximum torque. 

• The slots in the rotor are not always made parallel to the shaft, but are given a slight 
twist or skew. The motor noise and vibration, cogging and synchronous cups can be 
reduced or even eliminated by skewing either the stator or rotor slots (in India, practice 
is to skew the rotor slots). 

Harmonic torques can be reduced by : 

—chording; 

—integral slot winding; 

—increasing air-gap length; 

—skewing of rotor slots. 

Note, Space harmonic fields are developed by the windings, slotting, magnetic saturation 
gap length irregularity. These harmonic fields induce e.m.fs. and circulate harmonic currents in the 
rotor windings. These harmonic currents in the rotor interact with the harmonic fields and develop 
harmonic torques, vibration and noise . 

12.25. EFFECTS OF OPERATING CONDITIONS 

Effects of operating conditions are briefly described below : 

1. Effect of unbalanced supply voltage : 

• An unbalanced supply voltage produces a rotating field which will move at a non- 
uniform rate and in a non-uniform strength. It provides unbalanced currents in the 
stator winding which produce unequal heating. 

2. Effect of loading : 

• As the load increases , speed falls and consequently torque increases, till a point is 
reached when the maximum torque will be developed. 

• If the load is increased further, there is further fall in the speed and the driving torque 
decreases and ultimately the rotor comes to standstill. 

3. Effects of variation in line frequency and line voltage : 

• The variation in supply frequency and supply voltage not only affects the speed and 
torque of the motor but also the starting current, full-load current, starting torque, 
maximum torque and operating temperature of various parts of the machine and thus 
make their operation unsatisfactory. 
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4. Effects of break in one phase : 

• When a polyphase induction motor is in operation and if its one phase breaks, may 
be due to any reason, the motor will continue t;o operate single phase, provided that 
load does not exceed 57.7 per cent of the normal rating, with about the same 
temperature rise as when carrying rated load as a 3-phase induction motor. It will 
not, however, start single phase but if brought upto speed by some external means, 
such as putting on the belt, it will continue to operate satisfactorily on load below 57.7 
percent of rated one. 

• A break in one phase of the rotor of a wound-rotor induction motor may prevent it 
form starting but if it is brought upto speed before the circuit is opened, it will operate 
under reduced load but usually with considerable vibrations. 

12.26. RATINGS OF 3-PHASE INDUCTION MOTORS 

• Three-phase induction motors are rated in terms of the following : 

(£) Power output in kW; (ii) Speed; 

(iii) Voltage; (iv) Frequency; 

(u) Phase (single or three); ( vi ) Line current; 

(vii) Temperature rise in specified time. 

— If a motor is designed to be operated on more than one voltage or at more than one 
speed by reconnecting the winding, a connection diagram is also given on the name 
plate. 

— Class of motors A, B, C, D, E or F is also to be mentioned on the name plate. 

• Standard types of squirrel cage motors are : 

— Class A motors—Low-impedance squirrel cage rotor motors. 

— Class B motors—High-reactance squirrel cage rotor motors. 

— Class C motors—High starting torque, low starting current-double squirrel cage 
motors. 

— Class D motors—High resistance squirrel cage rotor motors. 

— Class E motors. 

— Class F motors. 

12.27. SQUIRREL-CAGE MOTORS—ADVANTAGES; DISADVANTAGES AND 
APPLICATIONS 

Advantages: 

1. Cheaper in cost. 

2. Simple and rugged in construction 

3. Maintenance cost is low. 

4. Explosion proof. 

5. Can be cooled better because of base end rings. 

6. More pull-out torque and greater maximum power output. 

7. Simple starting arrangement. 

8. Nearly constant speed. 

9. High overload capacity. 

10. High power factor. 

Disadvantages : 

1. Poor starting torque due to low resistance. 
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2. At the instant of switching on, draws a large current from the line. 

3. Very sensitive to change in supply voltage. 

4. At light load the power factor z\ very low. 

5. Speed regulation not possible . 

Application. Suitable for industrial drives of small power where speed control is not 
required such as : 

• Flour mills 

• Printing machinery 

• Other shaft drives of small power. 

Note. When the squirrel cage motors are used for crane or hoist work where large starting torque 
is more important than high efficiency owing to the intermittent nature of load, the rotor resistance is 
increased by employing the end rings, and sometimes the bars as well, of high resistance metal such as 
German silver. 

12.28. WOUND ROTOR (OR SLIP RING) INDUCTION MOTORS—ADVANTAGES, 

DISADVANTAGES AND APPLICATIONS 

Advantages : 

1. High starting torque. 

2. High over-load capacity. 

3. Nearly constant speed. 

4. Low starting current (in comparison with squirrel cage motor). 

Disadvantages : 

1. Low power factor at light loads. 

2. Lower efficiency and lower power factor (in comparison to squirrel cage motor). 

3. Sensitivity to fluctuations in supply voltage. 

4. Higher initial and maintenance costs. 

5. Speed regulation is poor when operated with external resistance in the rotor circuit. 
Applications. Suitable for most industrial drives of high power where high starting 

torque is required such as for driving : 

• Line shafts 

• Pums 

• Lifts 

• Generators 

• Winding machines 

• Mills etc. 

12.29. COMPARISON OF A SQUIRREL CAGE AND A SLIP RING (OR PHASE 
WOUND) INDUCTION MOTORS 



Property 

Squirrel cage induction motor 

Phase wound induction motor 

1 . 

Starting 

The motor can be started with star- 

The motor requires slip rings, 



delta starter and it eliminates the 

brush gear, short-circuiting device 



hazards of slip rings, brush gear etc. 

and starting resistance etc. 

2. 

Overhang 

Less 

Large 

3. 

Space factor in slots 

Better 

Poor 

4. 

Cooling 

The losses can be dissipated much 

Most of the space is taken up by 



efficiently since the end rings are 

the overhang and less space is left 
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Property 

Squirrel cage induction motor 

Phase wound induction motor 



bars and there is more space for 
providing an efficient fan. 

for the provision of a good cooling 
fan; thus the cooling is not quite 
efficient. 

5. 

Efficiency 

High efficiency (only for machines, 
which are not redesigned for high 
starting torque) 

Low efficiency. 

6. 

Starting torque 

For plain squirrel cage motor start¬ 
ing torque is poor which cannot be 
increased in an ordinary way. 

Starting torque can be increased 
by the insertion of external resis¬ 
tance in each phase of the rotor. 

7. 

Copper losses 

Since overhang is less and space 
factor is better the copper losses are 
small. 

Due to large overhang and poor 
space factor, the copper losses are 
more. 

8, 

Space factor in slots 

Less 

More 

9. 

Cost 

Cheaper (since there are less compo¬ 
nents and less labour required for 
winding). 

Costlier 


12.30. COMPARISON BETWEEN INDUCTION AND SYNCHRONOUS MOTORS 


The comparison between induction and synchronous motor is given below : 


S.No. 

Induction motor 

Synchronous motor 

1 . 

It has got self-starting torque and no special means 
are required for starting. 

It is inherently not self-starting and some 
external means are required for its starting 

2. 

Does not require D.C. excitation. 

Requires D.C. excitation. 

3. 

Speed can be controlled but to small extent. 

Speed control not possible. 

4. 

Its speeds falls with the increase in load and is 
alwasy less than synchronous speed. 

Its average speed is constant and indepen¬ 
dent of load. 

5. 

It operates at only lagging power factor, which 
becomes very poor at light loads. 

It can be operated under a wide range of 
power factor, both lagging and leading. 

6. 

Its torque is more sensitive to change in supply 
voltage. 

Its torque is less sensitive to change in 
supply voltage. 

7. 

Breakdown torque is proportional to the square of 
the supply voltage. 

Breakdown torque is proportional to the 
supply voltage. 

8. 

More simple and less costly comparatively. 

More complicated and more costly compara¬ 
tively. 

9. 

Employed for supplying mechanical load only. 

Employed for supplying mechanical load as 
well as for power factor improvement. 


12.31. LINEAR INDUCTION MOTOR 

12.31.1. Introduction 

A linear induction motor is a special type of induction motor which provides linear motion 
and works on the following principle (same as that of conventional induction motor). 

“Whenever a relative motion occurs between the field and short-circuited conductors, 
currents are induced in them which results in electro-magnetic forces and under the influence of 
these forces, according to Lenzs law, the conductors try to move in such a way as to eliminate 
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the induced currents.” In this case the field’s movement is linear and so is the conductors’ 
movement. 

12.31.2. Construction and Working 

Construction. A linear induction motor, in its simplest form consists of field system 
having a 3-<(> distributed winding placed in slots as shown in Fig. 12.28 (short-single primary). 


Primary (3 - <fr) 


Secondary 


Fig. 12.28. Short-single primary. 

The field system may be single or double primary system. The secondary of t-bis type of 
induction motor is normally a conducting plate made of either copper or aluminium in which 
interaction currents are induced. 

Depending upon the particular requirements either member can be the stator, the other 
being the rotor. 

— The ferromagnetic plate, in a single primary system, is usually placed on the other 
side of the conducting plate to provide a path of low reluctance to the main flux. The 
ferromagnetic plate, however, gets attracted towards the primary when the field is 
energised; consequently unequal gap length results on the two sides of the plate. Double 
primary system can be used to overcome this problem. 

— The use of the motor decides which of the two primary and secondary will be shorter 
in length compared to other. The prim.ary is made shorter than secondary when the 
operating distance is large (since winding a very long 3-phase primary is costly 
proposition) and the short secondary is used when the operating distance is limited. 

Working: 

When the 3-<j> primary winding of the motor is energised from a balanced three phase 
source, a magnetic field moving in a straight line from one end to other at a linear synchronous 
speed V H is given as : 

V = 2 t / m/s ..(12.29) 

where, t = pole pitch in metres, and 
/= supply frequency in Hz. 

As the flux moves linearly, it drags the rotor plate alongwith it in the same direction with 
speed V. Consequently the relative speed of travel of the flux w.r.t. rotor place decreases. (In 
case rotor plate, speed equals that of magnetic field, the latter would be stationary when viewed 
from rotor plate. When the rotor plate moves faster than synchronous speed of magnetic field, 
the direction of force is reversed and a form of regenerative braking, based on the principle of 
induction generator, will come into existence). 

Slip of the motor(s) is given as : 


s = 


V*-V 

V, 


where Vs = linear synchronous speed, and 


....(12.30) 
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V = actual speed of the rotor plate. 

Thrust or force or tractive effort ( F) is given as : 


...(12.31) 


.(12.32) 


F -v, 

where P 9 - actual power supplied to the rotor. 

Also, copper losses in rotor = sP 2 , 

and mechanical power developed, P, nech = (1 - s)P 2 ...(12.33) 

Fig. 12.29 shws the thrust or tractive effort-speed 
characteristics. In a linear induction motor the following 
peculiar effects are encountered : 

( i ) Transverse edge effect; 

(ii) End effect. 

Due to the secondary of this motor being a solid 
conducting state, the paths of the induced currents in the 
secondary are not well defined. The portion of the current 
paths parallel to the direction of motion of the secondary does not contribute anything towards 
the production of useful thrust but only contributes towards losses. This effect causes reduction 
in thrust and increases the losses and is knwon as transverse edge effect (since the current 
paths parallel to the direction of motion are more towards the edges of the conducting plate). 

Advantages: 



Fig . 12.29. Thrust-speed characteristics. 


1. Simpler in construction 

2. Better power to weight ratio.. 

3. Low initial cost. 

4. No over-heating of rotor (since the motor moves continuously over cool rotor plate 
leaving behind heated rotor portion). 

5. Owing to absence of rotating parts the maintenance cost is low. 

6. No limitation of tractive effort due to adhesion between the wheel and the rail. 

7. No limitation of maximum speed due to centrifugal forces. 

Disadvantages : 

1. Owing to transverse edge and end effects utilisation of motor is poor. 

2. Capital cost of reaction rail fixed along the curve line of the track is very high. 

3. Provision of three phase collector system along the track involves complications and 
high cost. 

4. Maintaining adequate clearance at points and crossings entails a lot of difficulties. 

5. Requirement of larger air-gap and non-magnetic reaction rail (rotor plate) necessitates 
more magnetising current resulting in poor efficiency and low-power factor. 


Applications: 


Following are the fields of application of linear induction motor : 

• Electromagnetic pumps 

• Conveyors 

• High-speed rail traction 

• Trolley cars (for internal transport in workshops) 

• As booster accelerator for moving heavy trains from rest or up the planes or on curves. 

• Metallic belt conveyors etc. 

Owing to design difficulties and economic considerations the use of linear induction motor 

is limited to only a few applications. ^ , , , _ . _ _ 
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WORKED EXAMPLES 


Example 12.1. A 3-phase, 12-pole alternator is coupled to an engine running at 500 r.p.m. 
The alternator supplies an induction motor which has a full-load speed of 1455 r.p.m. Find the 
slip and number of poles of the motor. 

Solution. Number of poles of the alternator, p a = 12 

Speed of the engine, N e = 500 r.p.m. 

Full-load speed of the induction motor, N ni = 1455 r.p.m. 

Slip, s = ? 

Number of poles of the motor, p m : 

Supply frequency, f = - 500*12 _ 5 Q jj 2 

120 120 

When the supply frequency is 50-Hz, the synchronous speed can be 3000, 1500, 1000 , 750 
r.p.m. etc. Since the full-load speed is 1455 r.p.m. and the full-load slip is always less than 5%, 
the synchronous is 1500 r.p.m. 


Slip, 


Ns-N 

s =—- 

N s 


1500-1455 

1500 


= 0.03 or 3 per cent. (Ans.) 


Also, 


n,-™L 

Pm 


_ 120 f _ 120x50 
Pm N s 1500 


= 4 poles 


Hence, number of motor poles = 4. (Ans.) 

Example 12.2. A 3-phase induction motor runs at almost 1000 rpm at no load and 950 
r.p.m. at full load when supplied with power from a 50 Hz 3-phase line. 

(i) How many poles has the motor ? 

(ii) What is the percentage slip at full load ? 

(iii) What is the corresponding frequency of rotor voltage ? 

(iv) What is the corresponding speed of the rotor field with respect to rotor ? 

(v) What is the corresponding speed of the rotor with respect to the stator ? 

(vi) What is the corresponding speed of the rotor field with respect to the stator field ? 

(vii) What is the rotor frequency at the slip of 10 per cent ? 

Solution. Given: N 0 = 1000 r.p.m., N f = 950 r.p.m., /= 50 Hz 

Since no-load speed of motor is almost 1000 r.p.m., hence synchronous speed near to 1000 
r.p.m. is 1000 r.p.m. 


(i i ) Poles on motor, p = ^0/ _ 120x50 = 6 . (Ans.) 

N s 1000 


(ii) Percentage slip at full load, s f =——^xl00 = —5^x1000 = 5% (Ans.) 

N s 1000 

5 

(iii) Frequency of rotor voltage, / r = sx/= ioo = 2 *^ (^ ns -) 

(iv) Speed of rotor field with respect to rotor - 120 x /r = 12Qx 2.5 = 50 r p m (Ans.) 

P 6 

(v) Speed of rotor with respect to stator = 950 r.p.m. (since stator is stationary). (Ans.) 
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(vi) Rotor field and stator field are revolving at the same speed of 1000 r.p.m., therefore, 
speed of rotor field w.r.t. stator field is zero. (Ans;) 

(vii) Rotor frequency at slip of 10%, f r =s'xf = -^x50 = 5 Hz. (Ans.) 

Example 12.3. A 50 Hz, 440 V, 3-phase, 4-pole induction motor develops half the rated 
torque at 1490 r.p.m. With the applied voltage magnitude remaining at the rated value, what 
should be its frequency if the motor has to develop the same torque at 1600 r.p. m. ? Neglect stator 
and rotor winding resistances, leakage reactances and iron losses. 

Solution. Given: f - 50 Hz; p = 4; N= 1490 r.p.m.; New speed, N n = 1600 r.p.m. 


Synchronous speed, N s = 


120/ 120x50 

P 4 


1500 r.p.m. 


Slip at a speed of 1490 r.p.m., s = - Ni - — = ■ 1 --— - 1 - 9 - = 0.00667 

N§ 1500 

Since torque developed by an induction motor, Toe sV 2 , 

slip s for constant torque and constant applied voltage remains unchanged. 

New synchronous speed, N srv = = 1610.7 r.p.m. 

s 1 - 0.00667 

New frequency, f n = — = 53.7 Hz. (Ans.) 

120 120 

Example 12.4. (a) Explain why the rotor of a polyphase induction motor can never attain 
synchronous speed. 

(b)A1100V, 50 Hz delta connected induction motor has a star’Connected slip ring motor 
with a phase transformation ratio of 3.8, The rotor resistance and standstill leakage reactance 
are 0.012 Q and 0.25 Q per phase respectively. Neglecting stator impedance and magnetising 
current , determine: 

(i) The rotor current at start with slip ring shorted : 

(ii) The rotor p.f. at start with slip ring shorted; 

(Hi) The rotor current at 4% slip with slip ring shorted; 

(iv) The rotor power factor at 4% slip with slip ring shorted; 

(v) The external rotor resistance per phase required to obtain a starting current of 100 A 
in the stator supply lines. 

Solution, (a) When the rotor speed equals the speed of rotating flux the relative speed 
between rotor and stator flux ceases and induced current in rotor becomes zero. There is no other 
agency to develop torque in rotor at N r = N s . Hence it is not possible for rotor to run at 
synchronous speed. As the rotor will approach synchronous speed its torque becomes zero and 
it falls back to lower speed. Therefore, the only possibility for rotor is that it always rotates at a 
speed N ^ lower than synchronous speed. 

(6) Phase voltage of stator winding = 1100 V 

Transformer ratio =3.8 

Phase voltage induced in the rotor winding at standstill, E 2 

Rotor resistance per phase, R 2 = 0.012 Q 

Rotor reactance per phase, X 2 = 0.25 Q 

.*. Rotor impedance at standstill = Vo 012 2 + 0.25 2 


1100 

3.8 


= 289.5 V 


0.25 Q 
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(i) Rotor starting current per phase at normal voltage with slip ring shorted 

289.5 


0.25 


= 1158 A. (Ans.) 


(u) Rotor p.f. at start with slip ring shorted 


= cos tan 


i 0.25 


0.012 


= 0.048 lag. (Ans.) 


(iii) At 4% slip, rotor e.m.f. 
Rotor reactance at 4% slip 

Rotor impedance at 4% slip 
.’. Rotor current at 4% slip 


= 0.04 xE 2 = 0.04 x 289.5 = 11.58 V 
= sX 2 = 0.04 x 0.25 = 0.01 Q 


= Vo.012 2 + 0.01 2 “ 0 0156 & 

11.58 


0.0156 


= 742.3 A. (Ans.) 


R> 0.012 

= f = ^ =0 - 769 -< A ” S -> 


( iv) Rotor p.f. at 4% slip 

(v) Rotor current corresponding to stator line current of 100 A 

100 -x3.8= 219.4 A 


Rotor impedance 


: 7T 

289.5 


= 1.32 Cl 


219.4 

Rotor resistance required _ 7l.32 2 - 0.25 2 = 1-296 Q 

External rotor resistance per phase required = 1.296 - 0.012 = 1.284 Q. (Ans.) 
Example 12.5. A 6-pole , S-pase, 50-Hz induction motor develops maximum torque of 300 
Nm at a speed of 960 r.p.m. Determine the torque exerted by the motor at 5per cent slip. The rotor 
resistance per phase is 0.6 Q. 


Solution. Number of poles, 
Maximum torque, 

Speed, 

Rotor resistance per phase 
Synchronous speed 


Percentage slip, 

For maximum torque, 


P = 6 

T m = 300 Nm 
N= 960 r.p.m. 

= 0.6 Q 

N s = — = 120x50 = 1000 r.p.m. 

P 6 


S m T = - 


N.-N 1000-960 


1000 


N s 

■^2 = S mJ^2 

R 2 = 0.6 Q, s niT = 4% or 0.04 


x100 - 4 per cent 




Rz 0.6 


Now, 


and 


T m 


Toe- 


s s j> 0.04 

sR 2 


= 15 Q 


where T is the torque at 5% slip. 


Ri+s?x% 
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x» ml s.T.: is+^x* 

T~ sR, Si+irx;- . 1 ? + 4,J8| 


(0.6) 2 + (0.05xl5) 2 0.04 ^ 0.36 + 0.5625 

(0.6) 2 + (0.04xl5) 2 0.05 0.36 + 0.36 " 1025 


0 04. 

T 0.05 (0.6 ) 2 + (0.04xl5) : 

T= lSrS =29268 N -"> 

Hence, torque developed by motor at 5% slip 

= 292.68 N-m (Ans.) 

Example 12.6. An induction motor runs at a slip frequency of 2 Hz when supplied from 
a three-phase 400 V f 50 Hz supply. For the same developed torque, find the slip frequency at which 
motor will run when supplied from a three-phase 340 V t 40 Hz system. Slip at which the machine 
develops maximum torque using 50 Hz supply is 0.1. Neglect the stator impedance and assume 
linear torque-slip characteristic between zero torque and maximum torque in the working region. 

(GATE, 1998) 

Solution. Rating of induction motor = 400 V, 50 Hz 

Slip frequency = 2 Hz 

Slip at maximum torque, s mT = 0:1 

2 

When the slip frequency is 2 Hz, the slip at this frequency, si = — = 0.04 

50 

Let the slip at 340 V, 40 Hz be s 2 . 

Torque T <x - 


or 

or 

or 

or 

or 


sEj 


KI+(sX 2 ) 2 

Here stator impedance is neglected and as such V-E 2 

R2 A 1 

Also slip at maximum torque, s mT - — - U1 

a 2 

R“l "" 0.1 X 2 

Substituting this value in (£), we get 

T r sV 2 

( 0 . 01 + s 2 )X| 

Since the developed torque for both the cases is same, therefore 

S1V, 2 _ SjVj 

(0.01 + s 2 )Xf (0.01 + s 2 )X 2 

0.04x(400) 2 __ S2X(340) 2 
0.01 + (0.04) 2 0.01+ (s 2 ) 2 

1 6400 s 2 x115600 

0.0116 0 . 01 + s| 

6400(0.01 + s 2 2 ) = 0.0116 x s 2 x 115600 
64 + 6400 s 2 2 = 1340.96 s 2 
6400s 2 2 - 1340.96s 2 + 64 = 0 
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or 


1340.96 ± V(1340.96) 2 - 4 x 6400 x 64 
S2_ 2X6400 


1340.96 ±399.7 
2x6400 


= 0.136 or 0.0735 


As the slip cannot be high, thus select the value of slip as 0.0735 
Slip at 40 Hz = 0.0735 

Hence, slip frequency = 0.0735 x 40 = 2.94 Hz. (Ans.) 

Example 12.7. A 3-phase induction motor has starting torque of 100% and a maximum 
torque of 200% of the full-load torque. Find slip at maximum torque. (UPSC, 1994) 

Solution. Given : Starting torque, T st - 100% of T } or = T } 

Maximum torque, T m = 200% of or = 2 T f 

Slip at maximum torque, : 


We know that, 


Tst _ 

Tm S mT + 1 


Tf __ 2s mT 
TTf 4r +1 


or 


or 


1 _ 2 s mr 

2 


SmT = • 


S mT + 1 

+4±>/4 2 ~ 


'or 


*mT ~ 4 * mT +l = 0 


4xl 


= 0.268 (rejecting higher value) 


Slip at maximum torque, s mT = 26.8% (AnsA 
Example 12.8. A 3-phase t 50 Hz induction motor has a starting torque which is 1.25 times 
full-load torque and a maximum torque which is 2.5 times the full-load torque. Neglecting stator 
resistance and rotational losses and assuming constant rotor resistance , find; 

(i) Slip at maximum torque; (ii) The slip at full-load 

(Hi) The current at starting in per unit of full-load current. (Punjab University) 

Solution. Given :f= 50 Hz; T st = 1.25 Tj> T m = 2.5 7} 

(i) The slip at maximum torque, s mT : 


or 


or 


or 


= 2s mT ^ 1-25 _ Q 5 


s 2 5 
b mT 


+ 1 2.5 


or 


mT 


~ 4s mT + 1 - 0 


s mT =' 


4 ± V4 2 - 4 


= 0.268, rejected higher value. 


Hence slip at maximum torque =\0.268 or 26.8% (Ans.) 
(ii) The slip at full-load, s f : ' 

Tf 2sfS ni T 1 2 Sf x 0.268 


T m sf + s? nT or 2.5 sj + 0.268 2 


s^-1.34s/+ 0.0718 = 0 


Sf = 


_ 1.34 ± jj 1-34) 2 -4x0.0718 
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1.34 ±1.228 


= 0.056, rejecting higher value 


§,= 0.056 or 5.6% (Ans.) 


(Hi) ^ ■ 


Rotor current at start, I st = 
Rotor curent at full load, If = 



Ll- 



* = SniT = 0.268, as above 

V *2 J 

Starting current is 4.722 times full-load current. (Ans.) 

Example 12.9. An induction motor runs at a slip frequency of 2 Hz when supplied from 
a 3-phase, 400 V, 50 Hz supply. For the same developed torque, find the slip frequency at which 
it will run when supplied from a 3-phase 340 V, 40 Hz system . Slip at which the machine develops 
maximum torque using 50 Hz supply is 0.1. Neglect the stator impedance and assume linear 
torque-slip characteristics between zero torque and maximum torque in the working region. 

(GATE, 1997) 

Solution. The maximum torque in a 3-phase induction motor, with stator impedance 
ignored, is given by : 

rp _ 3 V 2 

1 m — 


For 400 V supply, 
When/*= 50 Hz, 

For /= 40 Hz, 


*mT 


C o s 2X2 
= 0.1 


R? n 1 Rq 

—— = S m T = 0.1 oc —*- 

X 2 ■ 50 


Ro 

S m T °C — 

40 
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From (£) and (»), we have 


.50 


Maximum torque, 


W = 0.1x^^ 0.125 
rp _ 3 V 2 


T,„ oc 


V 2 


(v co s <x f and X 2 « /) 


CkV Wi - r 

0 »s 2 A 2 f 

As torque-slip characteristic is linear between zero torqUe and maximum torque, the 
developed torque (T d ) at a slip Of 0.04 (f r = s.f. i.e., 2 = s x 50 or s = 0.04) 

JJ = J«-x0.04«f—Yx— 


s rnT 


A 50 ; 0.1 


For 340 V, 50 Hz, T d cc 


(340 f 


•••(») 

••••(») 


A 40 ) 0.125 

For the same developed torque, from ( i ) and (ii), we get 

f 400 VA 0.04 f340f « , • r 

llo"J “5T = U^J X 0A25 ’ w ^ ere s 18 the new shp 

s = (400004 x 0A25 JJ0_) 2 m 0 . 044 3 
l 50 ; 0.1 V34o; 

.V Slip frequency = s f = 0.0443 x 40 = 1.772 Hz. (Ans.) 

Example 12.10. The starting and maximum torques of a 3-phase induction motor are L5 
times and 2.5 times its full-load torque. Determine the percentage change in rotor circuit resistance 
to obtain a full-load slip of 0.03. Neglect stator impedance. (Pb. Univ., 1998) 

Solution. Given = 1.5 T ^ T m = 2.5 T ^ s f = 0.03 
Percentage change in rotor circuit resistance : 

Tst_ _ % s mT . _ _ 0.6 


or 


or 


L m s mT 


+ 1 2.5 


2s m T = 0*6( s mr + 1) 


s mT ~ 3.333 s mT +1 = 0 


SmT = 


3.333±V3.333 2 -4 


or 

or 


or 


or 


Rotor resistance, 
Also 


.3.333 ±2.666 


s,nT = ^ = 0.333 
a 2 

R 2 = 0.333 X, 


= 0.333 (rejecting higher value) 


Tf 2 SfSmT 

o2 . -2 

7 mr 


s? + s? 


1 2xQ.03xs mr 
2.5 ~ 0.03 2 + sf llT 

0.03“ + = 2.5 x Engineermg.net 
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or 


or 




*mT 


SmT 


0.15 ± Vo. 15 2 -4x0.0009 0,15 + 0.1375 Q 


1437 


(other value is not feasible) 


Now rotor resistance, R 2 = s mJ X 2 = 0.1437 X 2 
Percentage reduction in rotor resistance 

_ 0.333^2-0.1437^ 

0.333Z 2 ” 56.85%. (Ans.) 

Example 12.11. A 50 H.P., 6-pole, 50 Hz, slip-ringinduction motor runs at 960 r.p.m. on 
full-load with a rotor current of 40 A. Allowing 300 W for copper loss in the short-circuiting gear 
and 1200 W for mechanical losses, find the resistance R 2 per phase of the 3-phase rotor winding. 

(GATE, 1998) 

Solution. P out = 50 H.P. * 60 x 735.5 = 36775 W; p = 6; f= 50 Hz; N= 960 r.p.m.; I 2 = 40 
A; copper loss in the short-circuiting gear = 300 W; mechanical loss = 1200 W. 

Resistance, R 2 : / 

Rotor ouput = motor output + short-circuiting gear loss + mechanical losses 

= 36775 + 300 + 1200 = 38275 W 

Synchronous speed, N s = — 1 - = 1000 r.p.m. 

p 60 


Slip, 

Rotor copper losses 


s = - 


N„-N 1000-960 
N s 1000 


= 0.04 


= 3/gjfe = °-P ut X 8 = 38275 - XQ.04 = 1594.8W 
2 1-s (1-0.04) 


or 


Rotor resistance, R 2 = = 0.332 Q (Ans.) 

Example 12.12. A 40 kW, 3-phase slip-ring induction motor of negligible stator impedance 
runs at a speed of 0.96 times synchronous speed at rated torque. The slip at maximum torque is 
4 times the full-load value. If the rotor resistance of the motor is increased by 5 times, determine : 

(i) The speed, power output and rotor copper losses at rated torque; 

(ii) The speed corresponding to maximum torque. (GATE, 1994) 

Solution. Given: P out = 40 kW; N = 0.96 N gf s mT = 4s^ 


Full-load slip, 


Now, 


s/ = 


N.-N N s - 0.96N, 


N s 




0.94 


s mT = 4s/ = 4 x 0.04 = °. i6 

Tf _ ‘ZsfSmT _ 2xQ, 04 x 0.16 Q 4700 

T m sf + s 2 r (0.04) 2 +(0.16) 2 
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When the rotor circuit resistance is increased 5 times, the magnitude of maximum torque 
will remain unchanged because it is independent of load but the slip corresponding to the 
maximum torque will change. Let the new slip corresponding to maximum torque be s mTn . 

Since slip corresponding to maximum torque is proportional to rotor resistance provided 
its standstill reactance is fixed , so 

S/ii'p x5 = 0.16x5 = 0.8 


or sj n + 0.64 = 3Asf,i 


Now, 


or 


SmTii = S m T X 


*g>t = 

Rl 


Tf _ 2sf :l s mT , L 
T,n sf n + sf nTll 

0.4706 = 

sf„ + (0.8) 2 


or 


or 


sf n -3As fn + 0.64 = 0 



3A±yj(3Af 

2 


4x0.64 


3.4 ±3 
2 


= 0.2, rejecting higher value. 


(i) The speed, power output and rotor copper losses at rated torque : 

New speed at full load, N f = (1 - s fn )N s = (1 - 0.2)iV = 0.8 N s . (Ans.) 


Gross torque at full-load 


40x1000 40x1000x60 

(2nN / 60) ~ 2n'*0.96N s 


Power output at full-load = gross torque at full load x 


2nN f 

60 


40x1000x60 x 2n'x0.8N S _ 33333 
2tc x 0. 96N S 60 


W or 33.333 kW. (Ans.) 


_ , power output v 

Rated copper losses at rated torque = ~ xs //i 

I s fn 

= 02 " 8,333 kw ' (Ans,) 

Example 12.13. A 50kW t 400 V, 3-phase , 6-pole , 50 Hz wound rotor induction motor has 
a full-load slip of 0.04 when operating at rated voltage and frequency with rotor winding short 
circuited at slip rings. The slip at maximum torque is 0.2. Stator resistance and rotational losses 
are neglected. Determine : 

(i) The maximum torque; 

(ii) Full-load rotor ohmic losses. 

Rotor resistance is now doubled by adding external series resistance in each rotor phase. 
For the rated power output , determine : 

(Hi) Slip at maximum torque; 

(iv) Full-load slip; 

(v) Full-load torque. 

Solution. Given : Mechanical power developed, P mech - 50 kW (since rotational losses 
are neglected); p = 6; /= 50 Hz; s^~ 0.04, s mT - 0.2. 

Synchronous speed, N s = = 1000 r.p.m. 

P 6 
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Rotor speed at full-load N = (1 - s f ) N s = (1 - 0.04) x 1000 = 960 r.p.m. 

2nNT f 


12.47 


Now, 


mech. ' 


60 


T ' - HiSr** - "h "^ 10 - 497 - 36 N -“- <am -» 


(i) As stator resistance is negelected, 

Tf _ 2sfS m T 
s f + S mT 

2x0.04x0.2 
0.04 2 + 0.2 2 


T m sUsl 


= 0.385 


T = = 49 ^' 36 = 1291.84 N.m. (Ans.) 

m 0.385 0.385 


(ii) Full-load rotor ohmic losses 

= s fPg ~ 

0.04 


S 1 ' 


*mech. 


,1-0.04 

(iii) Slip at maximum torque, s mT1 : 

■^T = s m T= 0.2 

New slip at maximum torque, 


X 50000 = 2083.33 W. (Ans.) 


s mT - - 2x0.2 = 0.4 (Ans.) 

A 2 


(iu) Full-load slip, s n : 

As stator resistance is neglected, 

T =1291.84 N-m 


Again, 


m 

II 

T m 


ZSfSmT 

9 9 

Sf + S 2 


mF 


7]fl _ 2SfiS m Ti 
T Q 2 + C 2 

where and T ^ are new full-load slip and torque respectively. 


or 


T m x2sf\S m Ti 129i;84x2x S/1 x0.4 1033.47s n 

V 1 *” „2 , ~ „2 j_/n /f\2 ” o 2 ±n io ...(0 


s f i + s /7i.ri 


^+(0.4? 


sf x + 0.16 


Also 


2nNTfi 


60 


- 50000 


or 


or 


7}i = 


7V, = 


60x50000 

27tA^ s (l — s/x) 
60x50000 


...(Given) 

[■•■ V = (1- S ^)A,] 


50000 


A 2xx 1000(1 -s n ) 104.72(1 -s A ) - (ll) 
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From ( i) and (ii)> we have 

1033.47 50000 

(s^ +0.16) 104.72(1 -s fl ) 


= 2.16 (1 - s n ) s n = 2.16s„ - 2.16 s^, 2 
or 3.16syj 2 — 2.16s^j + 0.16 = 0 

or 2.16tV(2.16)»-4x3.16«ai6 .ii.l6±L626_ nnM 

n 2*3.16 6.32 

Higher value being redundant, the full-load slip, s fl = 0.084 (or 8.4%). (Ans.) 

C v ) Full-load torque T n : 

Substituting the value of s^ = 0.084 in eqn. ( ii ), we get 


_ 50000 

T fi " 104.72(1-0.084) 


= 521.25 N-m (Ans.) 


Example 12.14. The following data pertain to an induction motor : stator impedance = 
(1.2+j 3.0) Q; rotor standstill impedance =(1.2 +j20) Q; no-load shunt impedance = (12 +j 55)0; 


volts /phase = 240. 

Determine: 

(i) Stator current , (ii) Equivalent rotor current, 

(Hi) Input power factor, (iv) Mechanical power developed, and 

(v) Efficiency of the motor at a slip of 5%. 

Solution. Stator impedance = (1.2 + jf30) Q 

Rotor standstill impedance = (1.2 +;2.0) Q. 

No-load shunt impedance = (12 +y55).Q 

Volts / phase - 240 V 

The equivalent circuit per phase of motor referred to stator is shown in Fig. 12.30. It is 
assumed that the given impedance firgures are phase values and there is unity turn-ratio between 
stator and rotor. 



Fig . 12.80. 


Equivalent load resistance, 




12 


0.05 


-1 = 22.8Q 


Effective impedance per phase - fEj + ife + Rl \+ j(X l + Xj)I - (1.2 + 1-2 + 22.8) + j(3 + 2) 
r V Down Ioaded'From : www.EasyEngineermg.net 
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( i ) Stator current l x : 
Stator load current, 

Stator no-load current, 

Total stator current, 


12.49 




240 


240(25.2- j5) 


25.2 + jb (25.2 + ;5)(25.2-j5) 


_ 240(25^2— J5) = (9 16 _ j 182) A 
660 


h = 


240 240 ^ (12 - j55) 


(12 + J55) 12 + j55 (12-J55) 


= 24 -- (12 - 7 55 ) = (o.91 - ./4.16)A 
3169 

7 X = 7$ + 7 0 = (9.16 -jl. 82) + (0.91 - 74 .16) 
= (10.07 -;5.98) A 


h = V ( 10 - 07 ) 2 + ( 5 - 98 ) 2 = 11,71 A - (Ans,) 


(i ii ) Equivalent rotor current, 


(Hi) Input power factor. 


lb, = A /(9.16) 2 + (1.82) 2 = 9.34 A. (Ans.) 


, 10.07 „ „„ .. 

cos<(> = 11 71 = 0,86 < Ans ) 


( vi ) Mechanical power developed, 

= 3(7$) 2 7?7=3x(9.34) 2 x22.8 

= 5967 W or 5.967 kW. (Ans.) 

(u) Efficiency of the motor, 

H = -output xl00 = . 5967 


-xl00 


input 3x240x11.71x0.86 

= 82.29% (Ans.) 

Example 12.15. A 3kW, 400 V/200 V, Delta/Star, 50 Hz, three-phase, 6pole induction 
motor is found to draw a line current of 25 A at a power factor of 0.4, when a blocked rotor test is 
conducted at the rated voltage. Determine the stator and rotor winding resistances in ohms per 
phase, if the torque developed by the motor under the above conditons is 25 Nm. (GATE, 1999) 

Solution. Given : Rating : 3 kW, 400 V/200V; Delta/star, 50 Hz; p = 6; I L = 25 A; 
p.f. = 0.4 Torque developed, T= 25 N-m 

Stator and rotor winding resistances, R v R 2 : 

Analysing per phase basis : 

Under blocked rotor conditions, equivalent circuit is shown in Fig. 12.31 


R, X, 

t— 


■vwvw— 



s.c. 


Fig. 12.31. 
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where R 0} = + R.f 

Turn ratio, 

Rotor current, 

Synchronous speed, 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


Zoi ~' 


400 


■ = 27.7Q/phase 


(25/ -J3) 

R 01 = Z (n x p.f. = 27.7 x 0.4 = 11.0 Q/phase 


K = 


(200/V3) 


400 


= 0.2887 


j _ (/i/V3) _ (7 fj /V3) 25/V3 5Q A 

2 K K 0.2887 

N s = = 120x50 _ 1000 r p m 


We know that, 


(^) xT=37 ^ 


or 


_ 2nN,T 
R 2 = 60x3 x/2 


271x1000x25 


60x3x50 2 

= 0.349 H/phase. (Ans.) 
0,349 

K 2 (0.2887) 2 




= 4.187 Q 


Also, 


*01 *1 + *2 


Rj = R 0l - R 2 ' = 11.08 - 4.187 = 6.893 fi/phase (Ans.) 
Example 12.16. A 25 H.P., 400 V, 50 Hz, 4-pole, star-connected induction motor has the 
following impedances per phase in ohms referred to the stator side : 

R = 0.641, R r = 0.332; X = 1,106, X r = 0.464 and X mne = 26.30 
Rotational losses are assumed constant and are 1.1 kW ana core losses are assumed 
negligible. If the slip is 2.2% at rated voltage and frequency, find : 

(i) Speed; (ii) Stator current; (Hi) Power factor; (iv) Output and input-power; (v) Efficiency 
of motor. [U.P.S.C., 1997] 

Solution. Refer Fig. 12.32^ 

R i r, x, r- x'. 


i. 


0.641 H 1.10611 0.332H 0.464Q 


400 

V3 ' 


X„ = 26.30Q 


:R- l = R' 2 (1-i) 


Fig. 12.32 . 

Given : R s = R x = 0.641 Q; i? 2 ' = 0.332 Q; X x = 1.106 Q; X 2 ' = 0.464 Q; X nutf = X Q = 26.30 Q; 
rotational losses =1.1 kW; s = 2.2% or 0.022; p = 4; /*= 50 Hz. 

Stator impedance per phase, Zj =i? 1 + jX x = (0.641 + y’1.106) Q 
Equivalent rotor impedance per phase, Z 9 ' = R.f + jX 2 ' = (0.332 + j0.464)Q 
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Equivalent load resistance Rl = -1 j = 0.332 ^ -1 j = 14 . 759 Q 

Voltage applied per phase = = 230.9 V 

Effective impedance per phase, Z = Z 1 + Z 2 ' + 

= (0.641 +;1.106) + (0.332 +;0.464) + (14.759 +j0) 
= (15.732 +jl.57) or 15.81 Z 5.7° Q. 

Counter-balancing rotor current per phase, 

r' _ 230.9 


-^^ = 14.6Z- 5.7° =(14.53—71.45) A. 


15. 

Magnetising component of no-load current, 

2^9 = 2M9 = &78a 

X. 26 30 

(Energy component of no-load current, X w = 0, because core losses are negligible.) 
Hence no-load current, ■■ I Q = (0 —j 8.78) A. 

I x = I 2 ' + I 0 = (14.53 ->1.45) + (0 - 78 .78) 

= (14.53 - 7 IO. 23 ) or 17.77 Z - 35.15° A ■ 

120 /, 


Stator current per phase, 

(i) Speed, 


N = N (1 -s) =^-(l-s) 

e p 


120x50 


(1-0.022) = 1467 r.p.m. (Ans.) 


(«) Stator current 

(iii) Power factor, 

(iv) Output power, 

Power input, 

( 0 ) Efficiency of motor, 


= 17.77 A. (Ans.) 

cos <j>j = cos (~ 35.15°) = 0.8176 lag. (Ans.) 

Pout = 37 2 2 -ft L ' ~ rotational losses 

= [3 x (13.6) 2 x 14.759] -(1.1 x 1000) = 8338 W. (Ans.) 
P in = 3 x 230.9 x 17.77 x 0.8176 = 10064 W. (Ans.) 

11 = ' S ■ a 8286 ° r 82 - 86% < Ans -> 

Example 12.17. A SOkVA , 400 V 3-phase , 50Hz squirrel cage induction motor has full¬ 
load slip of 5%. Its standstill impedance is 0,866 Q/phase. It is started using a tapped auto¬ 
transformer\ If the maximum allowable supply current at the time of starting is 100 A, calculate 
the tap position and the ratio of starting torque to full-load torque. (GATE, 1997) 

Solution. Given : Rating of induction motor = 50 kVA, 400 V; = 5% or 0.5; standstill 
impedance = 0.866 Q per phase, I si = 100 A 

T 

Tap position, ~~~ • 

T f 

Full-load current = 100 ^ neglecting losses 

V3 x Line voltage 


_ 5QX1000 _ rro o A 

" V 30 X 400 “ ‘ downloaded 
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Short-circuit 




400 /V3 


= 266.7 A 


0.866 

Tap position of the transformer, 


K 


= 0.6123 or 61.23% (Ans.) 


Now, 


[77 (1°° 

~p sc V 266.7 ~°* 

2 ( 266.7 y 

s f = (0.6123) xl———I x0.05 = 0.256 (Ans.) 


-ZL = K 2 


\2 


v; 


Example 12.18. A squirrel-cage induction motor has a slip of 4% at full-load . Its starting 
current is five times the full-load current. The stator impedance and magnetising current may 
be neglected , the rotor resistance is assumed constant 

(i) Calculate the maximum torque and the slip at which it would occur. 


(ii) Calculate torques in per unit (p.u.) of the full-load torque. 
Express torques in per unit (p.u.) of the full-load torque . 
Solution. Given : Slip at full load, s f = 4% = 0.04; I st = 5/^ 

(i) Maximum torque and the slip at which it would occur : 


(ESE, 1995) 


7>=V 


s f s mT 


S f + S 


2 

mT 


, where s mT - ^ 




Stator impedance and no-load current are neglected; 

sE 1 


Hence, 


it-* 




...(ii) 


But 


/,*=- 


Et 


Dividing (iii) by (ii), we get 


(v s = l)...(iii) 




'R? + s 2 Xf 

1/2 

s It + s ? 

*2 2 +*2 2 J 

S 

S mT +1 


1/2 


Substituting the values, we get 


or 


5 = 


si* + 0.04 2 


-il/2 


M. 


0.04 

Squaring both sides, we have 

1 


s mT + 1 


25 = 


^ S fnT + 0 04 2 


(o.04) J 


+ 1 


or 

or 


25 x (0.04) 2 x (s mT 2 + 1) = S/uT 2 + 0.04 2 
0.04 (s mT 2 + 1) = s mT 2 + 0.0016 
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or 0.04s mT 2 + 0.04 = s mT z + 0.0016 

or s mT z (1-0.04) = 0.04 -0.0016 

s mT = 0.2, i.e., 20% (Ans.) 

1 

But T m ~~ k t [Putting s f = s mT in eqn. (t)] 

A 


and 

Hence 


rp _ u 0.04 x Q. 2 _ ki 

{ ~ * (0.04) 2 + (0.2) 2 ” 5.2 
*i®5.2 T f 

T m = ” x 5-2 T f =2.6 Tf 


12.53 


T*t=h 


S mT 

1 + s mT 


[Putting s f = 1 in eqn. (i)] 


, 0.2 r n m 0.2 
- k, - ——g - 5.2 Tf x 


1 + 0.2 


1.04 


= Tf (Ans.) 


Example 12.19. A 3-phase, 4-pole, 1440r.p.m., 50Hz induction motor has star-connected 
rotor winding, having a resistance of 0.2 Q per phase and a standstill leakage reactance of 1 12 
per phase. When the rotor is energised at rated voltage and frequency, the rotor induced e.m.f. at 
standstill is 125 Vper phase. 

(i) Determine the rotor current, rotor power factor, and torque at starting and at full-load 
and compare these result. 

(ii) If an external resistance of 1 Q per phase is inserted in rotor circuit, calculate rotor 

current, rotor power factor and torque at the time of starting. (U.P.S.C.) 

Solution. Given : p = 4; N= 1440 r.p.m.;/= 50 Hz; R 2 = 0.2 Q; X 2 = 1 Q; E., = 125 V 

(i) Rotor current, rotor power factor and torque at starting and at full-load: 


Synchronous speed, 
At starting: 

Rotor current, 


N g = 


120/ _ 120x50 
P 4 


1500 r.p.m. 



125 

>/o. 2 2 +1 2 


= 122.57 A. (Ans.) 


Rotor power factor, 


cos<t >2 = -r - - — = —> ° 2 -= 0.196. (Ans.) 

■JrI+x$ Vo. 2 2 +1 2 


Synchronous speed in radians per second, 

2nN, 2XX1500 


<B = ■ 


= 50ti rad/s. 


60 60 
3 Ro 

Further, we know that, T = — 

7 7 /A “ C 


“ 6 


3 R 

\ Rotor starting torque, T st = —if —downloaded From : 
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At full load : 

Name plate speed of 1440 r.p.m. is the full-load (or rated) speed of the motor. 


Full-load slip, 


* . , 1500 - Jli° , 0.04 (or 4%) 

' N, 1600 


.\ Rotor current, 


h = 


SfEz 


0.04x125 


|Rf+( S/ X 2 ) 2 


= 24.51 A. (Ans.) 


Power factor, 


COS <f>2 = 




^ + (s f X 2 ) 2 


0.2 

/0.2 2 +(0.04xl) 2 


0.98 


Torque, 


Tf = 



— = —(24.51) 2 
s f 50 n 


0.2 

0.04 


= 57.37 N-m. (Ans.) 


(/2)starting_ _ 122.57 
(^Jfull-load 24.51 


= 5 (Ans.) 


and 


(^starting ... T st _ 57.38 l 
(DfuU-loa i~ T f _ 57 - 37 ~ ‘ 


(ii) Rotor current, rotor power factor and torque at starting with external 
resistance: 

When external resistance is inserted in the rotor pircuit, the total rotor circuit resistance 
becomes 0.2 + 1 = 1.2 Q per phase. 


Rotor starting current. 


/ 125 

2 yj(1.2f+(l) 2 


= 80.02 A. (Ans.) 


Rotor power factor, 


COs4>2 = 


1.2 

V(1.2) 2 +(l) 2 


= 0.768. (Ans.) 


Rotor torque, T = — ~x(80.02) 2 xi-2- = 146.75 N-m. (Ans.) 

5071 1 

From the above solution we find that with the insertion of external resistance in the circuit , 
starting current has decreased whereas starting torque has increased and rotor power factor at 
starting has improved. 

Example 12.20. The rotor of a 4-pole, 50 Hz, slip ring induction motor has a resistance 
of 0.25 Qper phase and runs at 1440 r.p.m. at full-load. Calculate the external resistance per 
phase which must be added to lower the speed to 1200 r.p.m., the torque being the same as before. 

Solution. Given :p = 4; /= 50 Hz; R 2 = 0.25 Q; N-- 1440 r.p.m.; N' = 1200 r.p.m. 

External resistance/phase to be added, r: 


Synchronous speed, 


Full-load slip, 


N s - 122 L = l g0 ^ 22 = 1500 r.p.m. 
P 4 

jV s ~iV _ 1500-1440 _ Q01 
N s 1500 


After inserting resistance R ohms per phase in the rotor cii it, 

N' = 1200 r.p.m. 


/. Slip, 


s' = 1500 PownPo adfoBFrom : 

1500 
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Since slip, 


rotor copper loss 


3/f^ 


input power to rotor input power to rotor 
For constant power input to rotor and rotor current, s oc R 2 . 

Since for constant load torque power input to rotor and rotor current remains the same, 
therefore, 


or 


s' _ R 2 + r 0.2 0.25+ r 

S Rz ° r 0.04 ~ 0.25 

r = 1 Q (Ans.) 


OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer : 

12.1. Which of the following component is 

usually fabricated out of silicon steel ? 

(a) Bqarings (6) Shaft 

\j(o) > otator core 
(d) None of the above 

12 .2. The frame of an induction motor is 
usually made of 

(a) silicon steel \££>^cast iron 
(c) aluminium ( d ) bronze 

12.3. The shaft of an induction motor is 
made of 

stiff ( b ) flexible 

(c) hollow ( d) any of the above 

12.4. The shaft of an induction motor is 
made of 

(a) high speed steel(6) stainless steel 
v (tf) carbon steel ( d ) cast iron 

12.5. In an induction motor, no-load the slip 
is generally 

^d) less than 1% ( b ) 1.5% 

(c) 2% (d) 4% 

12 .6. In medium sized induction motors, the 
slip is generally around 

(a) 0.04% ( b ) 0.4% 

n(c) / 4% (d) 14% 

12.7. In squirrel cage induction motors, the 
rotor slots are usually given slight 
skew in order to 

(a) reduce windage losses 

( b ) reduce eddy currents 

(c) reduce accumulation of dirt and dust 
\id) reduce magnetic hum 

12.8. In case the air gap in an induction 
motor is increased 


(a) the magnetising current of the 
rotor will decrease 
Uffj the power factor will decrease 

(c) speed of motor will increase 

(d) the windage losses will increase 

12.9. Slip rings are usually made of 

(a) copper ( b ) carbon 

phospor bronze (d) aluminium 

12.10. A 3-phase 440 V, 50 Hz induction 
motor has 4% slip. The frequency of 
rotor e.m.f. will be 

(a) 200 Hz ( b ) 50 Hz 

2 Hz (d) 0.2 Hz 

12.11. In N s is the synchronous speed and s 
the slip, then actual running speed of 
an induction motor will be 

(a) N s (b) s.N s 

&ra~s)N s (d> (N s - i) s 

12.12. The efficiency of an induction motor 
can be expected to be nearly 

(a) 60 to 90% (b) 80 to 90% 

(c) 95 to 98% (d) 99% 

12.13. The number of slip rings on a squirrel- 
cage induction motor is usually 

(a) two ( b ) three 

(c) four -(d)" none 

12.14. The starting torque of a squirrel-cage 
induction motor is 

(af low (6) negligible 

(c) same as full-load torque 

(d) slightly more than full-load torque 

12.15. A double squirrel-cage induction motor 
has 

(а) two rotors moving in oppsite 
direction 

(б) two parallel windings in stator 
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! 2.5ft. 

y'" 

two parallel windings in rotor 
(i d ) two series windings in stator 

12.16. Star-delta starting of motors is not 
possible in case of 

single phase motors 
(6) variable speed motors 

(c) low horse power motors 
(<f) high speed motors 

12.17. The term ‘cogging* is associated with 

(а) three phase transformers 

(б) compound generators 
(c) D.C. series motors 

\(d) induction motors 

12.18. In case of the induction motors the 
torque is 

(а) inversely proportional to (Vslip) 

(б) directly proportional to (slip) 2 
(c) inversely proportioned to slip 

'id) directly proportional to slip 

12.19. An induction motor with 1000 r.p.m. 

speed will have / 

(a) 8 poles 6 poles 

(c) 4 poles (cR 2 poles 

12.20. The good power factor of an induction 
motor can be achieved if the average 
flux density in the air gap is 

(a) absent v(fr) small 

(c) large ( d) infinity 

12.21. The mechanical load across the induction 
motor is equivalent to electrical load 
of 

(a) R 2 2 | j - 1 

(c) R 2 2 (s - 1) (d) I/R 2 (s -1) 

12.22. The injected e.m.f. in the rotor of 
induction motor must have 

(a) zero frequency 

( b ) the same frequency as the slip fre- 
quency 

(c) the same phase as the rotor e.m.f. 

( d ) high value for the satisfactory 
speed control 

12.23. Which of the following methods is 
easily applicable to control the speed of 
the squirrel-cage induction motor ? 

\ (a) By changing the number of stator 
poles 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(6) Rotor rheostat control 

(c) By operating two motors in cascade 

(d) By injecting e.m.f. in the rotor circuit 

12.24. The crawling in the induction motor is 
caused by 

(a) low voltage supply 

( b ) high loads 

(cj harmonics develped in the motor 
V d) improper design of the machine 

(e) none of the above 

12.25. The auto-starters (using three auto 
transformers) can be used to start cage 
induction motor of the following type 

(а) star connected only 

(б) delta connected only 
Jltf ia) and (b) both 

(d) none of the above 

12.26. The torque developed in the cage 
induction motor with autostarter is 

(a) if/torque with direct switching 

(b) K x torque with direct switching 
\Je) K 2 x torque with direct switching 

( 1 d ) /f 2 /torque with direct switching 

12.27. When the equivalent circuit diagram of 
doouble squirrel-cage induction motor 
is constructed the two cages can be 
considered 

(а) in series ^bjln parallel 

(c) in series-parallel 

{d) in parallel with stator 

12.28. It is advisable to avoid line-starting of 
induction motor and use starter because 

motor takes five to seven times its 
full load current 

(б) it will pick-up very high speed and 
may go out of step 

(c) it will run in reverse direction 

(d) starting torque is very high 

12.29. Stepless speed control of induction motor 
is possible by which of the following 
methods ? 

^ (a) e.m.f. injection in rotor circuit 
(^Changing the number of poles 

(c) Cascade operation 

(d) None of the above 

12.30. Rotor rheostat control method of speed 
control is used for 

(a) squirrel cage induction motors only 
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\Jb? slip ring induction motors only 

(c) both (a) and (6) 

(i d ) none of the above 

12 . 31 . In the circle diagram for induction motor, 
the diameter of the circle represents 
(a>§lip 

rotor current 

(b) running torque 

(d) line voltage 

12.32. For which motor the speed can be 
controlled from rotor side ? 

(a)Squirrel-cage induction motor 

Slip-ring induction motor 

(c) Both (a) and (6) 

(( d ) None of the above 

12.33. If any two phases for an induction 
motor are interchanged 

. (ecf the motor will run in reverse 
direction 

(fe) the motor will run at reduced speed 

(c) the motor will not run 

(d) the motor will burn 

12.34. An induction motor is 

(а) self-starting with zero torque 

(б) self-starting with high torque 
\ (c) self-starting with low torque 

(d) non-self starting 

12.35. The maximum torque in an induction 
motor depends on 

(а) frequency 

(б) rotor inductive reactance 
(c) square of supply voltage 

x Ad) all of the above 

12.36. In three-phase squirrel-cage induction 
motors 

(a) rotor conductor ends are short- 
circuited through slip rings 
r J(6) rotor conductors are short-circuited 
through end rings 

(c) rotor conductors are kept open 

(d) rotor conductors are connected to 
insulation 

12.37. In a three-phase induction motor, the 
number of poles in the rotor winding is 
always 

(a)/zero 

. (i>) more than the number of poles in 
^ stator 


12.57 

(c) less than number of poles in stator 
id) equal to number of poles in stator 

12.38. DOL starting of induction motors is 
usually restricted to 

LAa) low horsepower motors 

(b) variable speed motors 

(c) high horsepower motors 
{d) high speed motors 

12.39. The speed of a squirrel-cage induction 
motor can be controlled by alf of the 
following except 

(а) changing supply frequency 

(б) changing number of poles 
^-changing winding resistance 
(3) reducing supply voltage 

12.40. The ‘crawling’ in an induction motor is 
caused by 

(a) high loads 

(b) low voltage supply 

(c) improper design of machine 

\(<3f harmonics developed in the motor 

12.41. The power factor of an induction motor 
under no-load conditions will be closer 
to - 

Ad) 0.2 lagging (6) 0.2 leading 
(c) 0.5 leading ( d ) unity 

12.42. The ‘cogging 7 of an induction motor can 
be avoided by 

(а) proper ventilation 

(б) using DOL starter 

(c) auto-transformer starter 
, (d) having number of rotor slots more 
or less than the number of stator 
slots (not equal) 

12.43. If an induction motor with certain ratio 
of rotor to stator slots, runs at ^ of the 

normal speed, the phenomenon will be 
termed as 

(a) humming (b) hunting 

crawling (d) cogging 

12.44. 'Slip of an induction motor is negative 
when 

(а) magnetic field and rotor rotate in 
opposite direction 

(б) rotor speed is less than the syn¬ 
chronous speed of the field and are 
in the same direction 
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(c) ropor speed is more than the syn- 
\r /^nronous speed of the field and are 

in the same direction 

( d ) none of the above 

12.45. Size of a high speed motor as compared 

to low speed motor for the same H.P. 
will be y 

(а) bigger smaller 

(c) same (d) any of the above 

12.46. A 3-phase induction motor stator delta 
connected, is carrying full load and one 
of its fuses blows out. Then the motor 

v fa) will continue running burning its 
one phase 

(б) will continue running burning its 
two phases 

(e) will stop and carry heavy current 
causing permanent damage to its 
winding 

(d) will continue running without any 
harm to the winding 

12.47. A 3-phase induction motor delta con¬ 
nected is carrying too heavy load and 
one of its fuses blows out. Then the 
motor 

(а) will continue running burning its 
one phase 

(б) will continue running burning its 
two phase 

x (c) will stop and carry heavy current 
causing permanent damage to its 
winding 

(d) will continue running without any 
harm to the winding 

12.48. Low voltage at motor terminals is due to 

(a) inadequate motor wiring 

(b) poorely regulated power supply 
v(c> any one of the above 

(d) none of the above 

12.49. In an induction motor the relationship 
between stator slots and rotor slots is 
that 

(а) stator slots are equal to rotor slots 

(б) stator slots are exact multiple of 
rotor slots 

,^fa/stator slots are not exact multiple of 
rotor slots 

(d) none of the above 


ELECTRICAL ENGINEERING^OBJECTIVE TYpg) 

12.50. Slip ring motor is recommended where 

(a) speed control is required 

(b) frequent starting, stopping and 
reversing is required 

(c) high starting torque is needed 

(d) all above features are required 

12.51. As load on an induction motor goes on 
increasing 

(a) its power factor goes on decreasing 
{b) its power factor remains constant 

(c) its power factor goes on increasing 
even after full load 

\d) its power factor goes on increasing 
upto full load and then it falls again 

12.52. If a 3-phase supply is given to the stator 
and rotor is short circuited rotor will 
move 

(a) in the opposite direction as the 
direction of the rotating field 
. (6) in the same direction as the direc¬ 
tion of the field 

(c) in any direction depending upon 
phase squence of supply 

12.53. It is advisable to avoid line starting of 
induction motor and use starter be¬ 
cause 

(a) it will run in reverse direction 

(b) it will pick up very high speed and 
may go out of step 

v (c) motor takes five to seven times its 
full-load current 

(d) starting torque is very high 

12.54. The speed characteristics of an induc¬ 
tion motor closely resemble the speed¬ 
load characteristics of which of the 
following machines 

(a) D.C. series motor 
(< b ) D.C. shunt motor 

(c) universal motor 

(d) none of the above 

12.55. Which type of bearing is provided in 
small induction motors to support the 
rotor shaft ? 

(а) Ball bearings 

(б) Cast iron bearings 

(c) Bush bearings 

(d) None of the above 
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12.56. A pump induction motor is switched on 
to a supply 30% lower than its rated 
voltage. The pump runs. What will 
eventually happen ? It will 

(a) stall after sometime 

(b) stall immediately 

(c) continue to run at lower speed 
without damage 

\(d) g£t heated and subsequently get 
damaged 

12.57. 5 H.P., 50-Hz, 3-phase,-440 V, induc¬ 
tion motors are available for the follow¬ 
ing r.p.m. Which motor will be the 
costliest? 

V)'730 r.p.m. (b) 960 r.p.m. 

&®fl440 r.p.m. (d) 2880 r.p.m. 

12.58. A 3-phase slip ring motor has 

(a) double cage rotor 
Mb) wound rotor 

(c) short-circuited rotor 

(d) any of the above 

12.59. The torque developed in an induction 
motor is nearly proportional to 

<a)£ (f>)V 

(d)T 

where V = applied voltage 

12.60. Short-circuit test on an induction motor 
cannot be used to determine 

\ (a) windage losses 

(b) copper losses 

(c) transformation ratio 

(d) power scale of circle diagram 

12.61. In a three-phase induction motor 

(o) iron losses in stator will be negli¬ 
gible as compared to that in rotor 
(6) iron losses in motor will be neg¬ 
ligible as compared to that in rotor 
(c) iron losses in stator will be less than 
that in rotor 

id) iron losses in stator will be more 
than that in rotor 

12.62. In case of 3-phase induction motors, 
plugging means 

(a) pulling the motor directly on line 
without a starter 

(b) locking of rotor due to harmonics 


12.59 

(c) starting the motor on load which is 
more than the rated load 
s (^interchanging two supply phases 
^ ^ for quick stopping 

12.63. Which is of the following data is re¬ 
quired to draw the circle diagram for an 

induction motor ? 

(a) Block rotor test only 

(b) No load test only 

(c) Block rotor test and no-load test 

, {d) Block rotor test, no-load test and 
stator resistance test 

12.64. In three-phase induction motors some¬ 
times copper bars are placed deep in the 
rotor to 

improve starting torque 

(b) reduce copper losses 

(c) improve efficiency 

(d) improve power factor 

12.65. In a three-phase induction motor 

(a) power factor at starting is high as 
compared to that while running 
"power factor at starting is low as 
compared to that while running 
(c) power factor at starting in the same 
as that while running 

12.66. The value of transformation ratio of an 
induction motor can be found by 

(a) open-circuit test only 
short-circuit test only 

(c) stator resistance test 
id) none of the above 

12.67. The power scale of circle diagram of an 
induction motor can be found from 

(a) stator resistance test 

(b) no-load test only 
\McTshort-circuit test only 

(i d) none of the above 

12.68. The shape of the torque/slip curve of 
induction motor is 

(a) parabola 

(b) hyperbola 
rectangular parabola 

(d) straigthlire 

12.69. A change of 4% of supply voltage to an 
induction motor will produce a change 
of appromimately 

(a) 4% in the rotor torque 
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(b) 8% in the rotor torque 

(c) 12% in the rotor torque 
L6% in the rotor torque 

12.70. The stating torque of the slip ring in¬ 
duction motor can be increased by ad¬ 
ding 

(alexternal inductance to the rotor 
external resistance to the rotor 

(c) external capacitance to the rotor 

(d) both resistance and inductance to 
rotor 

12.71. A 500 kW, 3-phase, 440 volts, 50 Hz, 

A.C. induction motor has a speed of 960 
r.p.m. on full load. The machine has 6 
poles. The slip of the machine will be 
(a) 0.01 (6) 0.02 

(c) 0.03 0.04 

12.72. The complete circle diagram of induc¬ 
tion motor can be drawn with the help 
of data found from 

(a) no-load test 

(b) blocked rotor test 

(c) stator resistance test 
all of the above 

12.73. In the squirrel-cage induction motor the 
rotojrslots are usually given slight skew 
terto reduce the magnetic hum and 

locking tendency of the rotor 
(i b ) to increase the tensile strength of 
the rotor bars 

(c) to ensure easy fabrication 
(i d ) none of the above 

12.74. The torque of a rotor in an induction 
motor under running condition is maxi¬ 
mum 

(а) at the unit value of slip 

(б) at the zero value of slip 

\(c)/at the value of the slip which makes 
rotor reactance per phase equal to 
the resistance per phase 
(< d ) at the value of the slip which makes 
the rotor reactance half of the rotor 
resistance 

12.75. What will happen if the relative speed 
between the rotating flux of stator and 
rotor of the induction motor is zero ? 
(a) The slip of the motor will be 5% 

The rotor will not run 
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(c) The rotor will run at very high speed 

(d) The torque produced will be very 
large 

12.76. The circle diagram for an induction 
motor cannot be used to determine 

\JafefFiciency (b) power factor 

(c) frequency (« d ) output 

12.77. Blocked rotor test on induction motors* 
is used to find out 

(a) leakage reactance 
(. b ) power factor on short circuit 
(c) short-circuit current under rated 
yoltage 

Ud) all of the above 

12.78. Lubricant used for ball bearing is usually 

(a) graphite (> (b) grease 

(c) mineral oil (d) molasses 

12.79. An induction motor can run at syn¬ 
chronous speed when 

(a) it is run on load 

(b) it is run in reverse direction 

(c) it is run on voltage higher than the 
r§ted voltage 

m.f. is injected in the rotor circuit 

12.80. Which motor is preferred for use in 
mines where explosive gases exist ? 

. (a) Air motor (b) Induction motor 

(c) D.C. shunt motor 

(d) Synchronous motor 

12.81. The torque developed by a 3-phase in¬ 
duction motor least depends on 

(a) rotor current 

(b) rotor power factor 

(c) rotor e.m.f. 

Ud) shaft diameter 

12.82. In an induction motor if air-gap is in¬ 
creased 

(g,) the power factor will be low 

(b) windage losses will be more 

(c) bearing friction will reduce 

(d) copper loss will reduce 

12.83. In an induction motor 

N ~ N ° - 4) S N °~ N 


(a) s = 


(c) s = 


N 

Ns-N 


(d)s = 


N 8 

N-Ns 


12.84. 


N ' ' N s 

When i ?2 is the rotor resistance, X <2 the 
rotor reactance at supply frequency 
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and s the slip, then the condition for 
maximum torque under running condi¬ 
tions will be 

(а) sRqX 2 = 1 ( 6 ) SR2 ~ X2 

= sX 2 (d) R 2 = s 2 X 2 

12.85. In case of a double cage induction 
motor, the inner cage has 

Mcffhigh inductance and low resistance 

(б) low inductance and high resistance 
(cUow inductance and low resistance 

iJ^ffhigh inductance and high resis¬ 
tance 

12.86. The low power factor of induction motor 
is due to 

(a) rotor leakage reactance 

(b) stator reactance 

(c) the reactive lagging magnetizing 
current necessary to generate the 

yfiagnetic flux 
'ftu all of the above 

12.87. Insertion of reactance in the rotor cir¬ 
cuit 

reduces starting torque as well as 
maximum torque 

(6) increases starting torque as well as 
maximum torque 

(c) increases starting torque but maxi¬ 
mum torque remains unchanged 

( d ) increases starting torque but maxi¬ 
mum torque decreases 

12.88. Insertion of resistance in the rot^r of an 
induction motor to develop a given 
torque 

(а) decreases the rotor current 

(б) increases the rotor current 
(c) rotor current becofnes zero 

rotor current rerriains same 

12.89. For driving high inertia loods best type 
ofinduction motor Suggested is 

slip ring type 
(6) squirrel cage type 

(c) any of the above 

(d) none of the above 

12.90. Temperature of the stator winding of a 
three-phase induction motor is obtained 
by 

(а) resistance rise method 

(б) thermometer method 


(c) embedded temperature method 
all above methods 

12.91. The purpose of using short-circuit gear 
is „ 

short circuit the rotor at slip rings 
(6) to short circuit the starting resis¬ 
tances in the starter 
(c) to short circuit the stator phase of 
motor to form star 
(<f) none of the above 

12.92. In a squirrel cage motor the induced 
e.m.f. is 

(а) dependent on the shaft loading 

(б) dependent on the number of slots 
tjpj slip times the stand still e.m.f. in¬ 
duced in the rotor 

( 1 d ) none of the above 

12.93. Less maintenance troubles are ex¬ 
perienced in case of 

(а) slip ring induction motor 

(б) squirrel cage induction motor 

(c) bpth (a) and (6) 

V(<ffnone of the above 

12.94. A squirrel cage induction motor is not 
selected when 

(а) initial cost is the main considera¬ 
tion 

(б) maintenance cost is to be kept low 
sJt&f higher starting torque is the ( m|aip 

consideration 

(d) all above considerations are in¬ 
volved 

12.95. Reduced voltage starter can be used 
with 

(а) slip ring motor only but not with 
squirrel cage induction motor 

(б) squirrel cage induction motor oiily 
but not with slip ring motor 

<c^squirrel cage as well as slip ring 
induction motor 
{d) none of the above 

12.96. Slip ring motor is preferred over squir¬ 
rel cage induction motor where 

^(a5nigh starting torque is required 
(6) load torque is heavy 
(c) heavy pull out torque is required 
( 1 d ) all of the above 
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12.97. In a star-delta starter of an induction 
motor 

(a) resistance is inserted in the stator 
(i b ) reduced voltage is applied to the 

stator 

(c) resistance is inserted in the rotor 
circuit 

s(d) applied voltage per stator phase is 
57.7% of the line voltage 

12.98. The torque of an induction motor is 
w (d) directly proportional to slip 

(b) inversely proportional to slip 

(c) proportional to the square of the 
slip 

(d) none of the above 

12.99. The rotor of an induction motor runs at 

(a) synchronous speed 

v (b) below synchronous speed 

(c) above synchronous speed 

(d) any of the above 

12.100. The starting torque of a three phase 
induction motor can be increased by 

(a) increasing slip 

(b) increasing current 
\(c/both (a) and (b) 

(d) none of the above 

12.101. Insertion of resistance in the stator of 
an induction motor 

(oUncreases the load torque 
\JJS) decreases the starting torque 

(c) increases the starting torque 
C d ) none of the above 

12.102. An induction motor is identical to 

(a) D.C. compound motor 

(b) D.C. series motor 

(c) synchronous motor 
Xd) asynchronous motor 

12.103. The starting torque of a 3-phase squirrel 
cage induction motor is 

(a) twice the full load torque 
s (b) 1.5 times the full load torque 

(c) equal to full load torque 

12.104. In induction motor, percentage slip 
depends on 

(a) supply frequency 
(b> supply voltage 

copper losses in motor 

(d) none of the above 
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12.105. The efficiency of an induction motor is 
.than that of a transformer. 

, (a) lower (b) higher 

(c) either of the above 

(d) none of the above 

12.106. If the rotor circuit of a squirrel cage 
induction motor is open, the rotor will 

(a) run at very high speed 

(b) run at very low speed 

(c) make noise 
v (d) not run 

12.107. The advantage of a slip-ring induction 
motor over a squirrel cage induction 
motor is that 

(a) it has higher efficiency 

(b) it has higher power factor 

vjgl'lt can be started wjth the help of 
rotor resistance stater 

(d) none of the above 

12.108. The magnetising current drawn by in¬ 

duction motors and transformers is the 
cause of their.power factor. 

(a) leading wfbf lagging 

(c) unity (d) zero 

12.109. A 3-phase slip-ring induction motor is 
always started with 

(a) a starting winding 

(b) squirrel cage winding 

(c) no external resistance in rotor 
circuit 

V(d) full external resistance in rotor 
circuit 

12.110. The synchronous speed of a 3-phase 
induction motor is given by the formula 

V (a)Ns = (b)Ni 

(c) Ns = 120 fP (d)N, 

12.111. Out of the following methods of starting 
a 3-phase induction motor, which one 
requires six stator terminals ? 

(a) Direct-on-line 
Jbj Star-delta 

(c) Auto-transformer 

(d) Rotor rheostat 

12.112. If single-phasing occurs on the running 
position in an induction motor, the 
motor will 


120P 

_ f 
-JP. 
120 
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12.113. 


(а) failto carry load 

(б) produce peculiar noise 
(c) draw unbalanced and excessive cur¬ 
rents 
not start 

The fractional slip of an induction 
motor is the ratio 

otor copper loss/rotor output 
V J0) rotor copper loss/rotor input 
(c) rotor copper loss/stator copper loss 
0 d ) stator copper loss/stator input 

12.114. Each of the following statements regard¬ 
ing stator flux of an induction motor is 
true except 

{a)ji induces e.m.f. in the rotor bars 
js0) its magnitude depends on the motor 
load 

(c) it;is constant in magnitude 

, 0yit revolves around the stator at 
synchronous speed 

12.115. The rotor of an induction motor cannot 
run with synchronous speed because 

(a) Lenz’s law would be violated 

(b) induction motor would then become 
^synchronous motor 

rotor torque would then become 
zero 

(d) air friction prevents it to do so 




12.116. When a load on a squirrel-cage induction 
motor is increased from no-load to full¬ 
load, which of the following state¬ 
ment is incorrect ? 

(a) Slip increases 

v (by The magnetising component of the 
stator exiting current is increased 

(c) Stator power factor is improved 

(d) Torque developed by the motor in¬ 
creases till it equals the applied 
torque 


12.117. The power factor of an induction motor 
under no-load conditions is about 

,Ua) 0.2 lag (6) 0.4 lag 

(e) unity (< d ) 0.4 lead 

12.118. A pump induction motor is switched on 
to a supply 25 percent lower than its 
rated voltage. The pump runs ; even¬ 
tually 


* (°0 the pump will get heated and 
consequently get damaged 

(b) the pump will stall after sometimes 

(c) the pump will continue to run at 
lower speed without damage 

12.119. If there is an open circuit in the rotor of 
a squirrel cage induction motor 

(a) rotor will overheat 
^Hine fuses will blow 

(c) motor will be noisy 

(d) motor will not start 

12.120. The principle of operation of a 3-phase 
induction motor is most similar to that of 
dctf transformer with a shorted secon¬ 
dary 

(b) synchronous motor 

(c) capacitor-start induction run motor 
id) repulsion-start induction motor 

12.121. The speed of a 3-phase wound motor 
can be increased by 

(o) short-circuiting slip-rings 
increasing applied voltage 
(c) decreasing applied voltage 
(i d ) decreasing external resistance in 
the rotor circuit 

12.122. The A.C. motor which would be best 
suited to drive a centrifugal pump for 
discharging a variable quantity of 
water against a fixed head is the 

(а) repulsion motor 
U#f synchronous motor 

(c) squirrel cage 

(d) slip ring induction motor 

12.123. For starting a Schrage motor, 3-phase 
supply is connected to 

d&y rotor via slip rings 

(б) regulating windings 

(c) secondary winding via brushes 
id) stator as in an ordinary induction 
motor 

12.124. The primary winding of a Schrage 
motor is located 

(a) in stator 

Li&Wirlower part of rotor 

(c) in upper part of rotor 

(d) partly in stator and partly in rotor 

12.125. When a stationary 3-phase induction 
motor is switched on with one phase 
disconnected 
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(а) it will start but run very slowly 

(б) it will make jerky start with loud 
growling noise 

(c) remaining intact fuses will be 
blown out due to heavy rush of cur¬ 
rent 

* (d) it is likely to burn out quickly unless 
immediately disconnected 

12.126. The upper bars in a double squirrel 
cage induction motor have 

(a) low resistance and high reactance 

(b) high resistance and high reactance 
V (c) high resistance and low reactance 

(d) low resistance and low reactance 

12.127. The pull-out torque for a normal 
squirrel cage induction motor usually 
occurs at a percentage slip of about 

(a) 10 to 15 per cent 
t(6) 20 to 25 per cent 

(c) 35 to 45 per cent 
(c0 50 to 60 per cent 

12.128. Speed variations of a squirrel cage in¬ 
duction motor are essentially similar to 
those of 

V(a) D.C. shunt motor 

(b) D.C. series motor 

(c) synchronous motor 

(d) differential compound motor 

12.129. If air gap of the induction motor is 
increased, its 

(а) power factor will decrease 

(б) magnetising current will decrease 
\(cjkhagnetising current will increase 

(d) power factor will increase 

12.130. Two of the power supply terminals to a 
3-phase induction motor get inter¬ 
changed during reconnection after 
maintenance of the motor. When put 
back into service, the motor will 

(а) get heated up and damaged 

(б) rotate in the same direction as it 
was prior to maintenance 

(c) fail to rotate 

-Jeff rotate in the reverse direction to 
that prior to maintenance 

(e) none of the above 
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12.131. In a three-phase induction motor, the 

relative speed of stator flux with 
respect to.is zero. 

(a) space (b) rotor 

(c) stator winding 
rotor flux 

12.132. In a 3-phase induction motor reactance 
under running conditions is less than 
its standstill value because of decrease 
in 

(а) stator magnetic flux 

(б) mutual flux linking the stator and 
rotor conductor 

(c) rotor inductance 
frequency of rotor e.m.f. 

12.122. In rase a 2-pwtrand-rctoThnd ut- 
tion motor, an increase in rotor resis¬ 
tance affects the motor performance in 
the following way 

(а) the motor efficiency decreases 

(б) the motor efficiency increases 
L(c) starting current decreases 

(d) starting current increases 

(e) the maximum torque is reduced 

12.134. A squirrel cage induction motor run¬ 
ning on no-load is loaded, which of the 
following statements is incorrect ? 

ti _^(a) Current in the rotor bars decreases 
(6) Motor speed decreases 

(c) Torque developed by the rotor in¬ 
creases 

(d) Stator flux cuts the rator bars more 
repidly 

(e) Stator flux keeps rotating synchro¬ 
nously 

12.135. Which of the following statements about 
3-phase induction motor is incorrect ? 

, is capable of operation under a 

wide range of power factors both 
^ lagging and leading 
(6) It starts up from rest and has not be 
synchronised 

(c) Its no-load line current may be as 
large as 40% of the full load current 

(d) It has no commutator and no slip 
rings 

(e) It has no moving contact between 
stator and rotor 
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12.136. Which of the following statement about 
a double squirrel cage induction motor 
is incorrect ? 

(а) It has better speed regulation than 
squirrel cage motor 

^ ib) Its upper cage is of low resistance 
and lower cage of high resistance 

(c) It is particularly useful where fre¬ 
quent starting under heavy loads is 
required 

(d) It maintains high efficiency during 
normal operating conditions 

12.137. When a double squirrel cage motor is 
started, the current induced in the 
rotor 

v feO flows mostly through the upper 
winding 

0 b ) flows mostly through the lower 
winding 

(c) is directly portional to the impen- 
dance offered by each cage 

(d) is equally divided between the two 
windings 

12.138. Regarding single-phasing of a 3-phase 
induction motor under running condi¬ 
tions which of the following statements 
is incorrect ? 

Xjprfit will stop and blow the remaining 
fuses 

(б) It will continue to run without 
damage if it is carrying half load or 
less 

(c) It will stop and promptly burnt out 
if it is heavily overloaded 
id) It will try to keep running though 
over-heating of part of its winding if 
it is carrying full-load or slight over¬ 
load 

12.139. The difference between the syn¬ 
chronous speed and the actual speed of 
an induction motor is known as 

(a) lag (6) regulation 

\[c) slip (d) back lash 

12.140. In a induction motor if P is the power 
delivered to a rotor and s is the slip, 
then the power lost in the rotor as cop¬ 
per loss will be 
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(a) P/s Hb)sP 

■(c) s 2 P (d) p/s 2 

12.141. The frame of an induction motor is 
made of 

(a) carbon 

\ (6)jG losed grained cast iron 

(c) aluminium 

(d) stainless steel 

12.142. Slip rings for induction motors are 
made of 

(a) phosphor bronze 
(i b ) aluminium 

(c) carbon 

(d) cobalt steel 

12.143. If s is the slip and f is the supply fre¬ 
quency, the frequency of rotor current 
is given by 

HuTs.f (6) s 2 f 

(c) s.f/2 (< d)f/s 

12.144. Which of the following statements is 
correct about an induction motor ? 

(а) It is self starting with high torque 

(б) It is self starting with zero torque 
ijWlt is self starting with small torque 

as compared to rated torque 

(d) None of the above 

12.145. Type of bearing used for 25 H.P. motor 
is 

^^froller bearing (6) bush bearing 
(c) needle bearing (d) ball bearing 

12.146. When an induction motor is switched 
on the rotor frequency is 

(а) zero 

(б) 60 Hz 

(c) same as slip frequency 
^c^Same as supply frequency 

12.147. In an induction motor, the rotor reac¬ 
tance per phase is proportional to 

s (6) 1/s 

(c) 1/s 2 (d) s 2 

(where s is the slip) 

12.148. A wound rotor induction motor can be 
distinguished from squirrel cage induc¬ 
tion motor by 

(а) diameter of shaft 

(б) size of frame 
\Jtffpresence of slip ring 

, (d) direction or rotation 
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12.149. Which of the following A.C. motors is 
used for industrial application ? 

(a) Commutator motor 
w (8) 3-phase induction motor 

(c) D.C. series motor 

(d) Synchronous motor 

12.150. The shaft, on which the rotor of an 
induction motor is mounted is made of 

(а) high speed steel 

(б) chrome vanadium steel 
( c ) cast-iron 

V(d) mild steel 

(e) aluminium 

12.151. Which of the following type of bearing 
is generally used to support the rotor of 
an induction motor ? 

\ (g^Ball bearing 
(6) Needle bearing 

(c) Plummer block 

(d) Bush bearing 

12.152. Under which method of starting an in¬ 

duction motor is expected to take 
largest starting current ? , 

(а) Star-delta starting 

(б) Auto-transformer starting 
U(c) Direct on line starting 

(d) Stator-rotor starting 

12.153. When a squirrel cage induction motor 
fails to start which of the following 
could not be the reason for the same ? 
(d) Uneven air gap 

(6) Blown fuses 

(c) Overload 

(d) One or two phase open 

12.154. The stator of 5 H.P. induction motor is 
provided with 

(a) open slots with tapered teeth 

(b) dosed slots with parallel teeth 
semiclosed slots with parallel teeth 

(d) open slots with parallel teeth 

12.155. The direction of rotation of a 3-phase 
induction motor can be reversed by 

vJaf interchanging any two phases 

( b ) supplying low voltage 

(c) reducing load 

(d) reducing frequency „ 

12.156. A wound rotor induction motor is 
usually not selected when 
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(a) variable speed operation is desired 
- (^) cost is the main consideration 

(c) high starting torque is the main 
consideration 

(d) external voltage is to be fed into 
rotor 

12.157. Which of the following features of induc¬ 
tion motor helps in preventing cogging 
of motor ? 

L (a) Skewed slots (6) High slip 
(i c ) Use of better insulating materials 
(d) Large number of poles 

12.158. The number of slip rings on a squirrel- 
cage induction motor is 

(a) four (6) three 

(c) two Md) none 

12.159. Synchronous wattage of induction 
motor means 

(a) stator input in watts 
\.,Xby rotor input in watts 

(c) combined stator and rotor input in 
watts 

(d) shaft output in watts 

12.160. If stator voltage of a squirrel cage in- . 
duction motor is reduced to one-half its 
normal value, its starting current is 
reduced to ...... percent of its full-volt¬ 
age value. 

(a) 75 (b) 60 

\{c> 50 (d) 15 

12.161. If stator voltage of a squirrel cage in¬ 
duction motor is reduced to 50 percent 
of its rated value, torque developed is 

reduced by.percent of its full load 

value. 

(а) 90 l ^byi5 

(c) 50 (d) 25 

12.162. In a 3-phase induction motor which of 
the following statements, regarding 
frequency of induced rotor e.m.f. is in¬ 
correct ? 

\fa)Tts speed varies inversely as slip 

(б) It is zero at synchronous speed 

(c) It is directly dependent on slip 

(d) It is maximum at,standstill 

12.163. Which of the following motors are used 
frequently ? 

_(ct) Three phase induction motor 
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(b) D.C. shunt motor 

(c) Three phase commutator motor 
(< d ) A.C. induction motor 

12.164. The starting torque of the slip ring in¬ 
duction motor can be increased by 

(a) adding resistance to the stator 
^ (6) adding resistance to the rotor 

(c) adding resistance to stator as well 
as the rotor 

{d) none of the above 

12.165. The stator frame in an induction motor 
is used 

(а) to protect the whole machine 

(б) to ventilate the.armature 

\ (c) as a return path for the flux 

(d) to hold the armature stampings/ 
stator 

12.166. The noise and tooth pulsation losses 
can be minimised by using 
,(a)Targe number of narrow slots in 

stator 

(6) large number of open slots in stator 
(c) small number of narrow slots in 
stator 

(< d ) small number of open slots in stator 

12.167. If the rotor is open in a squirrel cage 
motor, it 

(а) will run at very high speed 

(б) will run at very slow speed 
Ue)"will not run 

0 d ) will make noise 

12.168. The value of average flux density in air 
gap in an induction motor, should be 
small 

(а) to achieve good efficiency 

(б) to get poor power factor 
\J$ to get good power factor 

{d) for minimum cost 

12.169. An induction motor with large number 
of slots has 

(a) low over-load capacity 
'(h) high over-load capacity 

(c) either of the above 

(d) none of the above 

12.170. In an induction motor the pulsation 
losses and noise can be reduced by 
using 

(a) large number of semi-open slots 


L (6) large number of narrow slots 
(c) less number of narrow slots 
dS'Phone of the above 

12.171. Whenever any polyphase induction 
motor is loaded 

(a) induced e.m.f. decreases and fre¬ 
quency increases 

(h) induced e.m.f. in the rotor remains 
constant 

(c) induced e.m.f. in the rotor increases 
and its frequency also increases 
v.(d)’ induced e.m.f. in the rotor increases 
and its frequency falls 

12.172. Which of the following motors requires 
the most complicated speed control ar¬ 
rangement ? 

(a) D.C. shunt motor 
^^PRotor supplied three-phase com¬ 
mutator 

(c) Stator supplied three-phase com¬ 
mutator 

\ (d)^Three-phase squirrel-cage induction 
motor 

12.173. A 3-phase induction motor is running 
at a load of the rated torque. What 
happens when one of the outer mains 
is interrupted while the motor is run¬ 
ning? 

(a) The motor keeps on running and the 
current drawn does not change 
^J^ffThe motor keeps on running but 
draws more current 

(c) The motor stops immediately 

(d) The motor stops after a few seconds 

12.174. What is the function of putting resis¬ 
tance in parallel to one phase of 3-phase 
induction motor ? 

(a) To attain a higher starting torque 
To achieve a smooth starting 
(c) To reduce the starting current to a 
very low value 

{d) To attain a higher maximum torque 

12.175. What is the disadvantage of the speed 
control of slip-ring induction motor 
with the help of resistances in the rotor 
circuit ? 

(a) By using this method the speed can 
be easily controlled 
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(6) This method is associated with high 
losses 

(c) With reductions in torque the speed 
decreases considerably 

(d) None of the above 

12.176. The reactance per phase as compared 
to the resistance per phase of an induc¬ 
tion motor is 

(а) very small Hfr) quite high 

(c) almost same ( d ) slightly large 

12.177. What is the disadvantage of starting an 
induction motor with a star-delta 
starter ? 

* (a)'The starting torque is one third of 
the torque in case of the delta con¬ 
nection 

(б) During starting high losses are 
produced 

(c) The starting torque increases and 
the motor runs with jerks 

(d) None of the above 

12.178. An induction motor has a rated speed 
of 720 r.p.m. How many poles has its 
rotating magnetic field ? 

v (ff) 8 poles (6) 6 poles 

(c) 4 poles (d) 2 poles 

12.179. Which of the following methods of speed 
control is not affected through stator 
side ? 

(a) Change of number of poles 
UbT Change of rotor resistance 

(c) Change of supply voltage frequency 

(d) Change of supply voltage 

12.180. During starting if an induction motor 
hums, the probable cause could be 

(а) open circuit 

(б) unequal phase resistance 

(c) inter-turn short circuit on rotor 
any of the above 

12.181. The possible number of different 
speeds that can be obtained by connect¬ 
ing two motors in cascade is 

(а) 2 W6) 4 

(c) 6 \ (d) 12 

12.182. The induction motors which are provided 
with open slots have 

more break down torque 

(б) less break down torque 
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(c) leading power factor 

(d) higher efficiency 

12.183. For a 50 H.P. motor, which type of rotor 
will be preferred ? 

(a) Die cast aluminium rotor 
VJ^'Wound rotor 

(c) Squirrel cage rotor using round cop¬ 
per bars 

(d) Squirrel cage rotor using rectan¬ 
gular copper bars 

12.184. If a three phase squirrel-cage induc- 
tioin motor runs slow, which of the 
following could not be the reason for the 
same ? 

(а) Shorted stator coils 

(б) Low voltage 

(e) Overload 

■ id) High frequency 

12.185* The probable reason for an induction 
motor running too hot could be 

(а) low voltage 

(б) uneven air gap 

(c) clogged ventilating ducts 

(d) any of the above 

12.186. Which of the following motors has the 
highest power to weight ratio ? 

(а) Synchronous motor 

(б) Capacitor motor 
(c) Induction motor 

^(0) Universal motor 

12.187. In a 3-phase induction motor, iron loss 
a<*T in rotor is negligible as compared to 

that in stator 

(6) in stator does not occur 

(c) in rotor is equal to iron loss is stator 

(d) in rotor is much more than the iron 
loss in stator 

12.188. Which of the following parameters for 
an induction motor varies as square of 
the supply voltage 

(a) Slip 

(b) Synchronous speed 

(c) Starting current 
iJf^^Maximum running torque 

12.189. If an induction motor is to be run on 
unbalanced supply, then it should be 
run at 

\(&f lower loads (6) higher loads 

(c) low speeds ( d ) higher speeds 
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12.190. In case single phasing occurs in delta 
connected motor 

x(a) one phase will be seriously over¬ 
loaded and two others will be slightly 
overloaded 

(b) two phases will be seriously over¬ 
loaded and there will be ho current 
in the third phase 

(c) there will be no current in one phase 
(, d ) there will be no current in two 

phases 

12.191* If single phasing occurs when the motor 
is running, it should not be loaded 
beyond 

(a) 5 per cent of rated load 

( b ) 20 per cent of rated load 

(c) 50 per cent of rated load 

(d) 90 per cent of rated load 

12.192. The overheating of an induction motor 
may be due to 

(a) overloading 

( b ) loss of ventilation 

(c) low supply voltage 

(d) any of the above 

12.193. Imbalance in shaft of the induction 
motor occurs due to 

(a) overheating of the winding 
* £bT air gap is not uniform 
(c) slip rings 
(i d ) rugged construction 

12.194. The reversing of 3-phase A.C. motor is 
achieved by 

(а) star-delta starter 

(б) D.O.L. starter 

(c) an auto-transformer 
v(d)lnter changing any two of the supply 
lines 

12.195. Which of the following is not deter¬ 
mined by circle diagram ? 

(a) Efficiency ( b ) Power factor 

N (c] Frequency (d) Output 

12.196. What is the advantage of the slip ring 
induction motor over the squirrel cage 
induction motor ? 

(а) It has a higher power factor 

(б) It can be started with the help of 
rotor resistances 

(c) It is suitable for higher speeds 


12.69 

i Id) It can be started with the help of 
rotor resistances 

12.197. What is the advantage of starting a 
slip-ring induction motor with the help 
of rotor resistances as compared to 
other methods ? 

(a) The starter has to be designed for 
only a veiy low current 
(ib ) The starting current is reduced 
v^^The starting torque increases due to 
the rotor resistances 

( d ) The starter can be built directly into 
the motor 

12.198. What is the advantage of the double 
squirrel-cage rotor as compared to the 
round bar cage rotor ? 

(а) The slip of the motor is larger 

(б) The efficiency of the motor is higher 
yjp 1 ) The starting current of the motor is 

lower 

(d) The power factor of the motor is 
higher 

12.199. Synchronous speed is defined as 

(a) the speed of a synchronous motor 
i,(bf the natural speed at which a 
magnetic field rotates 

(c) the speed of the rotor of an induc¬ 
tion motor 

(d) the speed of an induction motor at 
no load 

12.200. The speed of a three-phase cage-rotor 
induction motor depends on 

(а) number of poles only 

(б) input voltage 

(c) frequency of supply only 
\(jff number of poles and frequency of 
the supply 
(c) none of the above 

12.201. Which of the following statements about 
the working of Scharge motor is in¬ 
correct ? 

(a) When injected e.m.f. boosts the 
secondary induced e.m.f. the motor 
runs at super synchronous speed 
As the two brushes of a set are 
opened out, i.e., their distance from 
each other is increased, magnitude of 
the e.m.f. between them is decreased 
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(c) Its speed is varied by varying the 
amount of slip-frequency e.m.f. in¬ 
jected into the secondary circuit 

(d) It is capable of speed variation from 
zero to approximately twice the 
synchronous speed 

12.202. When a Scharge motor runs exactly at 
synchronous speed, then 

(а) secondary voltage E 2 comes into 
phase with primary back e.m.f. E\ 

(б) the speed of the motor field relative 
to that of regulating winding be¬ 
comes zero 

(c) voltage injected from the compen¬ 
sation winding, into secondary be¬ 
comes equal and opposite to the 
secondary induced voltage 
* fef) it behaves, in a sense, like a syn¬ 
chronous motor with compensating 
winding functioning as D.C. exciter 

12.203. Under average service conditions, 
motor bearings may be safely operated 
at temperatures upto 

(a) 120°C (6) 105°C 

Hef95°C (d) 75°C 

12.204. Which of the following statements is 
correct regarding a 3-phase motor ?. 

(a) Its magnetic flux alternates at the 

supply frequency 

\($yit is cheap, robust and needs no 
skilled maintenance 

(c) Stator is externally connected rotor 

(d) Three-phase supply is usually con¬ 
nected to its rotor 

12.205. The most important factor in motor 
maintenance is to keep 

V.(a) it clean and free from foreign 
materials 

B. Fill in the Blanks/Say TTes’ or ‘No’: 

12.211. Three-phase induction motor has a low 

efficiency. (Yes/No) 

12.212. An induction motor is simply an 

electric transformer whose magnetic 
circuit is separated by an air gap into 
two relatively movable portions, one 
carrying the primaiy and the other the 
secondary winding. (Yes/No) 
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(6) checking its insulation 

(c) regular check on line voltage 

(d) regular check of its lubrication 

12.206. The two important parts of a 3-phase 
induction motor are 

(a) rotor and armature 
1(6) rotor and stator 

(c) slip ring and brushes 

(d) stator and field 

12.207. In a wound 3-phase induction motor, 
brushes should be connected to 

(а) external D.C. excitation 

(б) equilizing coils 
(c) power supply 

external star-connected resistors 

12.208. Phase advancers are used with induc¬ 
tion motors to 

(а) reduce noise 

(б) reduce vibrations 
(c) reduce copper losses 

*-(d) improve power factor 

12.209. In moist surroundings which frame of 
motor will be preferred ? 

(a) Open type 

*■ (6) Totally enclosed fan cooled 

(c) Drip proof 

( d ) Splash proof 

12.210. The principle of operation of a three- 
phase induction motor closely resembles 
to that of which of the following ? 

(а) Synchronous motor 

(б) D.C. series motor 

* (c) Transformer with short-circuit 
secondary 

(d) Transformer with open-circuited 
secondary 


12.213. Frames 01 electrical machines house 

the stator core. (Yes/No) 

12.214. The number of slots in the rotor should 

always be equal to the number of slots 
in the stator. (Yes/No) 

12.215. For large and heavy rotors .bear¬ 

ings are used. 
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12.216. The slips rings are made of aluminium. 

(Yes/No) 

12.217. The difference between the synchro¬ 
nous speed and rotor speed is known as 


kR^E ^ 1 

12.218. Starting torque, T st = —^« 

■fl 2 +X2 


12.219. 

12 . 220 . 
12 . 221 . 

12 . 222 . 


12.223. 


12.224. 


12.225. 


(Yes/No) 

Starting torque is inversely propor¬ 
tional to the square of the applied volt¬ 
age. (Yes/No) 


Stator iron loss is practically. 

Rotor copper loss 1 - s . 

5 —- — —t —7 =-• (Yes/No) 

Rotor gross output s 

.diagram of an induction motor can 

be drawn by using the data obtained 

from no-load test, short-circuit test and 

stator resistance test. 

The synchronous speed of the nth order 


harmonic is — th of the synchronous 
n 

speed of fundamental. (Yes/No) 

‘Cogging’ of squirrel-cage motors can be 
easily overcome by making the number 
of rotor slots prime to the number of 
stator slots. (Yes/No) 


A double squirrel-cage motor has . 

independent squirrel-cage windings on 
the rotor, each having its own set of 
slots. 


12.226. Single layer concentric windings are 

used for large induction motors work¬ 
ing at high voltages. (Yes/No) 

12.227. Frames for . induction motors are 

made as a single unit and are usually 
cast. 

12.228. The frames of medium and large sized 

machines are fabricated from rolled 
steel plates. (Yes/No) 

12.229. The great majority of present day in¬ 

duction motors are manufactured with 
squirrel-cage rotors, a common practice 
being to employ winding of cast. 

12.230. The.rotor construction is employed 

for induction motors requiring speed 


control or extremely high values of 
starting torque. 

12.231. The number of slots in the rotor should 

.be equal to the number of slots in 

the stator. 

12.232. The major.of squirrel cage motor is 

that it is not possible to insert resis¬ 
tance in the rotor circuit for the purpose 
of increasing the starting torque. 

12.233. The slip rings for.rotor machines 

are made of either brass or phosphor 
bronze. 

12.234. In an induction motor the air gap is 

made as.as possible. 

12.235. In induction motors.and.bear¬ 

ings are generally used as with their 
use, accurate centering is much simpler 
than with journal bearings. 

12.236. The speed of an induction motor when 
running under full load conditions is 
somewhat more than the no-load speed. 

(Yes/No) 

12.237. If the rotor of an induction motor is 

driven such that N > N Si the slip be¬ 
comes negative, the rotor torque op¬ 
poses the external driving torque and 
the machine acts as induction. 

12.238. The induction motor derives its name 
from the fact that the current in the 
rotor circuit is induced from the stator.' 

(Yes/No) 

12.239. If the rotor reactance at standstill is 
its value at slip ‘s’ becomes s 2 X 2 - 

(Yes/No) 

12.240. When the rotor is stationary an induc¬ 

tion motor is equivalent to a 3-phase 
transformer with secondary short-cir¬ 
cuited. (Yes/No) 

12.241. When a stationary rotor starts gaining 

speed the relative speed of the rotor 
with respect to stator flux i.e. slip is. 

12.242. Maximum torque of an induction motor 
is independent of rotor circuit resis¬ 


tance. (Yes/No) 

12.243. Maximum torque varies.as standstill 

reactance of the rotor. 
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motor equals the power transferred 
across the air-gap to the rotor. (Yes/No) 

12.249. Electromechanical counter, mechanical 
differential counter and stroboscopic 
method are some of the methods which 

may be used for measuring. of an 

induction motor. 

12.250. .diagram of an induction motor can be 

drawn by using the data obtained from 
no-load test, short-circuit test and stator 
resistance test. 


ANSWERS 

(Polyphase Induction Motors) 
A. Choose the Correct Answers : 


12.1. 

(c) 

12.2. 

(b) 

12.3. 

(a) 

12.4. 

(C) 

12.5. 

(a) 

12.6. 

(c) 

12.7. 

(d) 

12.8. 

(6) 

12.9. 

(c) 

12.10. 

(c) 

12.11. 

(c) 

12.12. 

(b) 

12.13. 

(d) 

12.14. 

(a) 

12.15. 

(c) 

12.16. 

(a) 

12.17. 

(d) 

12.18. 

(d) 

12.19. 

(b) 

12.20. 

(b) 

12.21. 

(b) 

12.22. 

(b) 

12.23. 

(a) 

12.24. 

(c) 

12.25. 

'(c) 

12.26. 

(c) 

12.27. 

(b) 

12.28. 

(a) 

12.29. 

(b) 

12.30. 

(b) 

12.31. 

(6) 

12.32. 

(1b) 

12.33. 

(a) 

12.34. 

(c) 

12.35. 

(d) 

12.36. 

(b) 

12.37. 

(d) 

12.38. 

(a) 

12.39. 

(c) 

12.40. 

(d) 

12.41. 

(a) 

12.42. 

(d) 

12.43. 

(<c) 

12.44. 

(c) 

12.45. 

(b) 

12.46. 

(a) 

12.47. 

(c) 

12.48. 

(c) 

12.49. 

(c) 

12.50. 

(d) 

12.51. 

(d) 

12.52. 

(b) 

12.53. 

(c) 

12.54. 

(6) 

12.55. 

(a) 

12.56. 

(d) 

12.57. 

(a) 

12.58. 

(b) 

12.59. 

(c) 

12.60. 

(a) 

12.61. 

(d) 

12.62. i 

id) 

12.63. 

(d) 
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12.244. The slip at which the maximum torque 
occurs does not depend upon the resis¬ 
tance of the rotor. (Yes/No) 

12.245 Squirrel cage motors are not suitable for 
applications where these have to be 
started against heavy loads. (Yes/No) 

12.246. In an induction motor rptor, copper loss 

= s 2 x rotor input. (Yes/No) 

12.247. In an induction motor, rotor efficiency 

= N/N 8 . (Yes/No) 

12.248. Synchronous wattage of an induction 
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12.64. 

to) 

12.65. 

(b) 

12.66. 

(b) 

12.67. 

(c) 

12.68. 

(c) 

12.69. 

(d) 

12.70. 

to) 

12.71. 

(d) 

12.72. 

(d) 

12.73. 

(a) 

12.74. 

(c) 

12.75. 

(b) 

12.76. 

(a) 

12.77. 

(d) 

12.78. 

(b) 

12.79. 

to) 

12.80. 

(a) 

12.81. 

(d) 

12.82. 

to) 

12.83. 

(b) 

12.84. 

(c) 

12.85. 

to) 

12.86. 

(d) 

12.87. 

to) 

12.88. 

(d) 

12.89. 

(a) 

12.90. 

(d) 

12.91. 

(aV 

12.92. 

(c) 

12.93. 

(b) 

12.94. 

(c) 

12.95. 

(c) 

12.96. 

to) 

12.97. 

id) 

12.98. 

(a) 

12.99. 

(b) 

12.100. 

to) 

12.101. 

(b) 

12.102. 

(d) 

12.103. 

(b) 

12.104. 

(c) 

12.105. 

to) 

12.106. 

(d) 

12.107. 

(c) 

12.108. 

(6) 

12.109. 

(d) 

12.110. 

(a) 

12.111. 

(b) 

12.112. 

(d) 

12.113. 

0 b ) 

12.114. 

(b) 

12.115. 

to) 

12.116. 

(b) 

12.117. 

to) 

12.118. 

(a) 

12.119. 

(d) 

12.120. 

to) 

12.121. 

(d) 

12.122. 

(d) 

12.123. 

to) 

12.124. 

to) 

12.125. 

(d) 

12.126. 

(c) 

12.127. 

to) 

12.128. 

(a) 

12.129. 

(c) 

12.130. 

to) 

12.131. 

(d) 

12.132. 

to) 

12.133. 

(c) 

12.134. 

(a) 

12.135. 

to) 

12.136. 

(b) 

12.137. 

(a) 

12.138. 

to) 

12.139. 

to) 

12.140. 

(b) 

12.141. 

to) 

12.142. 

(a) 

12.143. 

(a) 

12.144. 

to) 

12.145. 

(a) 

12.146. 

(d) 

12.147. 

to) 

12.148. 

(c) 

12.149. 

(b) 

12.150. 

to) 

12.151. 

(a) 

12.152. 

(0 

12.153. 

to) 

12.154. 

(c) 

12.155. 

(a) 

12.156. 

to) 

12.157. 

(a) 

12.158. 

(d) 

12.159. 

to) 

12.160. 

to) 

12.161. 

(b) 

12.162. 

to) 

12.163. 

(a) 

12.164. 

C b) 

12.165. 

to) 

12.166. 

(a) 

12.167. 

(c) 

12.168. 

to) 

12.169. 

(b) 

12.170. 

(b) 

12.171. 

to) 
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12.172. 

(d) 

12.173. 

(6) 



12.174. 

(b) 

12.175. 

(b) 

12.J.76. 

(b) 



12.177. 

(a) 

12.178. 

(a) 

12.179. 

(b) 



12.180. 

(d) 

12.181. 

(b) 

12.182. 

(a) 



12.183. 

(b) 

12.184. 

(d) 

12.185. 

(d) 



12.186. 

id) 

12.187. 

(a) 

12.188. 

(d) 



12.189. 

(a) 

12.190. 

(a) 

12.191. 

(c) 



12.192. 

(d) 

12.193. 

( b ) 

12.194. 

(d) 



12.195. 

(c) 

12.196. 

(d) 

12.197. 

(c) 



12.198. 

(c) 

12.199. 

(b) 

12.200. 

(d) 



12.201. 

(6) 

12.202. 

(d) 

12.203. 

(c) 



12.204. 

(b) 

12.205. 

(a) 

12.206. 

(b) 



12.207. 

(d) 

12.208. 

(d) 

12.209. 

(b) 



12.210. 

(c) 

B. Fill in 

the Blanks/Say ‘Yes’ or ‘No’: 





12.211. 

No 



12.212. 

Yes 



12.213. 

Yes 



12.214. 

No 



12.215. 

journal 



12.216. 

No 



12.217. 

slip 



12.218. 

Yes 



12.219. 

No 



12.220. 

constant 



12.221. 

No 



12.222. 

Circle 



12.223. 

Yes 



12.224. 

Yes 



12.225. 

two 



12.226. 

Yes 



12.227. 

small 



12.228. 

Yes 



12.229. 

aluminium 



12.230. 

wound 



12.231. 

never 



12.232. 

disadvantage 


12.233. 

wound 



12.234. 

small 



12.235. 

ball roller 



12.236. 

No 



12.237. 

generator 



12.238. 

Yes 



12.239. 

No 



12.240. 

Yes 



12.241. 

decreased 



12.242. 

Yes 



12.243. 

inversely 



12.244. 

No 



12.245. 

Yes 



12.246. 

No 



12.247. 

Yes 



12.248. 

Yes 



12.249. 

slip 



12.250. 

Circle 




□ □ 
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Single Phase Motors 


13.1. GENERAL 

— The number of machines operating from single-phase supplies is greater than all other 
types taken in total. For the most part, however, they are only used in the smaller sizes, 
less than 5 kW and mostly in the fractional H.P. range. They operate at lower power-factors 
and are relatively inefficient when compared with polyphase motors. Though simplicity 
might be expected in view of the two-line supply, the analysis is quite complicated. 

— Single phase motors perform a great variety of useful services in the home, the office, the 
factory, in business establishments, on the farm, and many other places where electricity 
is available. Since the requirements of the numerous applications differ so widely, the 
motor-manufacturing industry has developed several types of such machines, each type 
having operating characteristics that meet definite demands. For example, one type 
operates satisfactorily on direct current or any frequency up to 60 cycles ; another rotates 
at absolutely constant speed, regardless of load ; another develops considerable starting 
torque and still another, although not capable of developing much starting torque, is 
nevertheless extremely cheap to make and very rugged. 

13.2. TYPES OF SINGLE-PHASE MOTOR 

The single-phase motor may be of the following types : 

1. Single-phase Induction Motors: 

A. Split-phase motors 

(i) Resistance-start motor 

( ii ) Capacitor-start motor 

(Hi) Permanent-split (single-value) capacitor motor 
(iv) Two-value capacitor motor. 

B. Shaded-pole induction motor. 

C. Reluctance-start induction motor. 

D. Repulsion-start induction motor. 

2. Commutator-Type, Single-Phase Motors: 

A. Repulsion motor. 

B. Repulsion-induction motor. 

C. A.C. series motor. 

D. Universal motor. 


IV! 
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3. Single-phase Synchronous Motors : 

A. Reluctance motor. 

B. Hysteresis motor. 

C. Sub-synchronous motor. 

13.3. SINGLE-PHASE INDUCTION MOTORS 

— Single phase induction motors are in very wide use in industry, especially in fractional 
horse-power field. They are extensively used for electric drive for low power constant speed 
apparatus such as machine tools , domestic apparatus , and agricultural machinery in 
circumstances where a three phase supply is not readily available. There is a large demand 
for single-phase induction motors in sizes ranging from a fraction of horse-power up to 
about 5 H.P. Though these machines are useful for small outputs, they are not used for 
large powers as they suffer from many disadvantages and are never used in cases where 
three-phase machines can be adopted. 

The main disadvantages of single-phase induction motors are : 

1. Their output is only 50% of the three-phase motor, for a given frame size and temperature 

rise. 

2. They have lower power factor. 

3. Lower-efficiency. 

4. These motors do not have inherent starting torque. 

5. More expensive than three-phase motors of the same output. 

— The magnetic field produced by the stator coils is pulsating , through varying sinusoidally 
with time. Ferrari pointed out that such a field can he resolved into two equal fields but 
rotating in opposite directions with equal 
angular velocities. The maximum value 
of each component is equal to half the 
maximum of the pulsating field. 

Split-phase Motors. Since the single-phase 
induction is not self-starting, means must he 
provided to create an initial torque. But the initial 
torque is only possible if a rotating flux is created in 
the stator. It is known that a rotating flux is 
produced when there is a difference of 90 0 between 
the currents of two stationary coils. Or if the stator 
possesses two fluxes having a large phase difference Fig 131 Balanced torque at standstill in squirrel 
the result is a rotating flux. cage rotor excited hy a single-phase winding. 

13.4. SPLIT-PHASE RESISTANCE-START INDUCTION MOTOR 

— In a split-phase induction motor the stator is provided with two parallel windings 
displaced 90 electrical degrees in space and somewhat less than 90° in time. Fig. 13.2 (a) 
shows the winding diagram of the two windings of a split-phase induction motor. 

The starting winding has fewer turns and is wound of smaller diameter copper than the 
running winding. The starting winding, therefore, has a high resistance and low reactance. 

The running or main, winding (heavier wire of more turns; has a low resistance and high 
reactance. Because of its lower impedance, the current in the running winding, I r is higher than the 
current in the starting winding, I s . 


owing to < P 2 



CCW Torque 


Tj owing to c*>j 


CW » Clock wist 
CCW • Counter Clock Wise 
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The phase relations of the lock-motor currents at the instant of starting are shown in Fig. 13.2 
(b) The starting winding I s lags the supply voltage by about 15°, while the greater running winding 
current lags the single-phase voltage by about 40°. Despite the fact that the current in the two space 
uadrature windings are not equal, the quadrature components are practically equal. 

High.R Auxiliary 




(a) Connection diagram. 

(b) Phase relations . 

(c) Typical torque-speed characteristic. 

Fig. 13.2 , Splite phase resistance-start induction motor. 

If the windings are displaced by 90° in space, and if their quadrature current components , 
which are displaced by 90° in time, are practically equal , an equivalent two-phase rotating field is 
produced at starting which develops sufficient starting torque to accelerate the rotor , in the direction 
of the rotating field produced by the currents. 

* — As the motor speeds up , the torque developed increases . Above 85 per cent of synchronous 

speed, the torque developed by the running winding (main winding) alone is actually 
greater than that developed by both windings, and it might be advantageous to open the 
auxiliary circuit at this cross over point . To allow for individual variations among motors 
and switches, however, the contacts are usually designed to open at 75 per cent of 
synchronous speed. This does not seriously affect the operation, because the running (or 
main) winding alone usually develops approximately 200 per cent of full-load torque at 
this speed. 

— The starting winding is not designed for continuous operation, and care should be exercised 
that it does not remain connected to the supply after it should have been disconnected by 
the switch. This series switch is usually centrifugally operated, and is rather inexpensive. 
In case of a hermatically sealed motor, the switch is magnetically operated, and is opened 
in the de-energized condition. 

— Split-phase induction motors m$y be reversed by reversing the line connections of either 
the main or the auxiliary winding. If, however, reversal is attempted under normal 
running condition, nothing will happen. 
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If it is necessary to reverse the motor while it is rotating , then some means must be 
incorporated to slow the motor down to the speed where the starting-switch contacts close 
placing the starting winding across the supply lines. This may be done by incorporating a 
timing device which first disconnects the motor entirely from the line and then reverses 
one field at the proper line. A mechanical braking device which can be electrically operated 
may also be used. 

— Speed control of split-phase windings is a relatively difficult matter since the synchronous 
speed of the rotating stator flux is determined by the frequency and number of pol e 

developed in the running stator winding ^ N s = j • By adding stator windings to 

change the number of poles, speed variation may be obtained. This, however, is a stepped 
speed change, as in polyphase induction motor, rather than a continuous variation. It must 
be pointed out, however, that all speed changes must be accomplished in a range above 
that at which the centrifugal switch operates. 

Shortcomings and uses. The major objections to the motor are (1) its low starting torque ; 
and (2) that, when heavily loaded, the slip exceeds 5 per cent, reducing the e.m.f. and producing an 
elliptical or pulsating torque which makes the motor somewhat annoyingly noisy. For this reason, 
the split-phase motor is used in appliances to drive loads which are themselves noisy : oil burners , 
machine tools , grinders , dish washers washing machines , air blowers and air compressors. 

13.5. SPLIT-PHASE CAPACITOR-START INDUCTION MOTOR 


Another method of splitting the single-phase supply into two phases to be applied to the stator 
windings is placing a capacitor in series with the starting auxiliary winding : In this manner, the 



(c) 

(c) Typical torque speed characteristic 

Fig. 13.3 . Capacitor-start Induction Motor. 
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current in the starting winding may be made to lead the line voltage. Since the running winding 
current lags the line voltage, the phase displacement between the two currents can be made to 
approximate 90° on starting. The circuit of capacitor-start motor is shown in Fig. 13.3 (a), while the 
vector diagram of the currents and voltage is shown in Fig. 13.3 (b). The values of the angles shown 
are fairly representative, and are rounded off for convenience. One of the factors upon which the 
starting torque depends is the sine of the angle between the currents in the two windings . The value 
of series capacitor may therefore be reduced, while maintaining a phase-shift angle of about 90°. 

— The increase in phase angle between starting and running winding currents is not the 
only difference between the split-phase and capacitor start-motors. The split phase motor 
must keep the number of starting-winding turns low, so that the current may be nearly in 
phase with the line voltage. This, however, is unnecessary in a capacitor-start motor, since 
the capacitor can overcome the inductance of the winding while still providing the proper 
phase shift. There are thus more auxiliary starting turns in the capacitor-start motor than 
in the comparable split-phase motor. This provides a greater number of ampere-turns, 
hence a larger rotating flux , and therefore a further increases in the starting torque. 

Also it is seen that for the same magnitudes of field currents, the current J/ r is less in 
capacitor-start motor, because of the greater angle between the two field currents. In addition, the 
starting power factor is also better. For a given line current, the starting torque is thus much higher 
for a capacitor-start motor than for a splite-phase induction motor. The starting torque of capacitor- 
start motor is from 3 to 4.5 times the full-load torque, while that of split-phase resistance start 
induction motor rarely exceeds twice the full-load torque. 

— The capacitor-start motor may.be reversed by changing the connections of one of the 
windings, but it is subject to the same limitations as the resistance-start induction motor. 

Uses. By virtue of their higher starting torque, capacitor-start split-phase motors are used 
for pumps, compressors, refrigeration units, air-conditioners, and large washing machines , where a 
split-phase motor is required that will develop high starting torque under load. 

13.6. SHADED-POLE INDUCTION MOTOR 

A shaded-pole motor is one of the simplest and cheapest of manufactured motors. It is 
essentially an induction machine, since its squirrel-cage rotor receives power in much the same way 
as does the rotor of the polyphase induction motor. There is, however, one extremely important 
difference between the two. Whereas the polyphase induction motor creates a true revolving field, 
in the sense that it is constant in magnitude and rotates at synchronous speed completely round the 
entire core, the field of the shaded-pole motor is not constant in magnitude but merely shifts from one 
side of the pole to the other. Because the shaded-pole motor does not create a true revolving field, the 
torque is not uniform but varies from instant to instant. 

Fig. 13.4 shows the general construction and principle of shaded pole motor. 

Construction. Each of the laminated poles of the stator has a slot cut across the laminations 
about one-third the distance from one edge. Around the smaller of the two areas formed by this slot 
is placed a heavy copper short-circuited coil y called a shading coil ; the iron around which the shading 
coil is placed is called the shaded part of the pole, while the free portion of the pole is the unshaded 
part. The exciting coil surrounds the entire coil. 

Principle of Operation. When the exciting winding is connected to an A.C. source of supply, 
the magnetic axis will shift from the unshaded part of the pole to the shaded part of the pole. This 
shift in the magnetic axis is, in effect equivalent to an actual physical motion of the pole ; the result 
is that the squirrel cage rotor will rotate in a direction from the unshaded part to the shaded part. 
The shifting of flux is explained below. 
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Refer Fig. 13.4 (b). When the flux in the field poles tend to increase, a short-circuit current 
is induced in the shading coil, which by Lenz’s law opposes the force and the flux producing 
it. Thus, as the flux increases in each field pole, there is a concentration of flux in the main 
segment of each pole, while the shaded segment opposes the main field flux. 



Shading 

coil 


Single 
phose 
a-c 
1 supply 



<c) 


(a) General construction of 2 
pole shaded pole motors 


(b) Increasing <*> (c)Constant0 (d) Decreasing flux 


i,4> P{b) \(d) i 

V7 


(e) Rate of change oi 
current and fi Ux 
in poles 


Fig. 13.4. General construction and principle of shaded pole motor. 

— At point ( c) shown in Fig. 13.4 (e), the rate of change of flux and of current is zero, and 
there is no voltage induced in the shaded coil. Consequently, the flux is uniformly 
distributed across the poles [Fig. 13.4 (c)]. 

— When the flux decreases, the current reverses in the shaded coil to maintain the flux in 
the same direction. The result is that the flux crowds in the shaded segment of the pole 
[Fig. 13.4 (d)]. 

A typical torque-speed characteristic is shown in 
Fig. 13.5. 

— Shaded pole motors are built up to about 40 W. 

— Merits: 

(z) Rugged construction; 

(ii) Cheaper in cost; 

(Hi) Small in size; and 
(zu) Requires little maintenance. 

13.7. RELUCTANCE-START INDUCTION MOTOR 


=L 2 0 0 r 


^ 100 



0 20 40 so 80 100 

Percent Synchronous Speed 


Fig. 13.5. Typical torque-speed charac¬ 
teristic of shaded pole motor. 


A reluctance-start induction motor is shown in Fig. 13.6. Its characteristics are similar to that 
of shaded pole motor. In this motor too the magnetic field 
shifts across the pole, but the effect is obtained by the 
non-uniform air gap of salient poles. Where there is a greater 
air gap , the flux in that portion is more nearly in phase with 
the current. There is a greater lag between flux and current 
where there is a lower reluctance or where the air gap is 
smaller. Since both fluxes are produced by the same cur¬ 
rent, the flux across the larger air gap leads and flux across 
the smaller one. The two fluxes are obviously displaced in 
time, and so the magnetic field shifts across the poles from 
larger air gap to the shorter gap. Thus the direction of 
rotation is firmly fixed by the construction, and the motor 
cannot be reversed at all. 



Fig. 13.6. Reluctance start motor. 
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Uses. For most small power applications, the shaded pole motor is preferred, and the 
reluctance-start motor has limited use, usually only where starting torque requirements are low. 

Note. This motor is an induction motor and should not be confused with reluctance motor which is actually 
a non-excited synchronous motor. 

13.8. SINGLE-PHASE COMMUTATOR MOTORS 

The commutator motors are so called because the wound rotor of this kind of motor is equipped 
with a commutator and brushes . This group consists of the following two classes : 

1. Those operating on 4 repulsion principle * (repulsion motors) in which energy is inductively 
transferred from the single phase stator field winding to the rotor. 

2. Those operating on the principle of the series motor in which the energy is conductively 
carried both to the rotor armature and its series-connected single phase stator field. 

13.9. REPULSION MOTOR 

A repulsion motor in its simplest form consists of a field comprising a distributed winding, 
housed in slots, in smooth-cored stator and an armature car¬ 
rying a distributed winding connected to a commutator. The 
stator winding, which produces the main field, is connected to 
the main supply. The armature or rotor winding is not con¬ 
nected electrically to the main circuit, but the brushes, which 
are set at an angle to the direction of the main flux, are 
short-circuited as shown in Fig. 13.7. 

— If the brush axis BB is set at right angles to the 
direction of the stator flux, the e.m.f. inducted in 
one-half of the rotor winding is exactly balanced by 
the e.m.f. induced in the other half, so that resul¬ 
tant e.m.f. is zero ; no current flows in the rotor 
winding and no torque is developed. 

— If the brush axis is placed in line with the direction of the stator flux, the e.m.f. in one half 
assists that in the other, so that a maximum current flows. Here again no torque is 
developed, since the torque of one half of the rotor conductors is exactly balanced by that 
due to the other half. 

— If the brush axis makes an angle with the stator flux as shown, a resultant torque is 
produced. The torque is a maximum theoretically, if this angle is 45 °, but in practice the 
angle of inclination is about half this value. 

It is clear above from that the speed of repulsion motor depends upon the brush position. 
Speed control of such a machine can be provided by mounting the brushes on a rocker 
which can be rotated by a lever handle mounted on the motor end-shield. If remote control 
is required, the lower handle may be manipulated by a simple system of rods and cranks. 
Alternatively, if the motor is to be totally enclosed, or remote control from a considerable 
distance is required, speed control may be obtained by the use of an external series 
resistance with fixed brush gear . 

— The direction of rotation of a simple repulsion motor may be reversed by swinging the 
brushes into the position shown dotted in Fig. 13.7. 

Atkinson Repulsion Motor. A modification of the simple repulsion motor is the Atkinson 
■refftilsion motor, in which the stator winding comprises two windings at right-angles to each other 


Single phase 


a.c. 

supply 


Rotor 



Stator 

Fig. 13.7. Repulsion motor. 
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and connected in series, as shown in Fig. 13.8. One advantage obtained by this method is that thj 
direction of rotation can be reversed by reversing the connections to one of the stator windings. Instead 
of moving the brush rocker, it is necessary only to throw the reversing switch, shown in Fig. 13 g 


Single phase 



Fig. 13.8. Atkinson repulsion Fig. 13.9. Compensated repulsion 

motor with reversing switch. motor. 


It will be observed that, as the rotor is electrically con¬ 
nected to the stator, the compensated repulsion motor is not able 
to operate directly from a high-voltage supply, as was the case 
with the simple repulsion motor. 

Fig. 13.10 shows the typical speed-torque characteristics 
erf single-phase repulsion motor. 

Compensated Repulsion Motor. The power factor of the 
machine may be improved by compensation , and this is done by 
providing an additional set of brushes as shown in Fig. 13.9. The 
axis of one pair, B.B. of brushes coincides with the stator winding, 
these brushes are short-circuited. The other pair, 66, of brushes 
is set at right-angles to the former and is connected in series with 
the stator winding. 

13.10. REPULSION-START INDUCTION MOTOR 



Fig. 13.10. Typical speed-torque 
charcteri sties of single-phase 
repulsion motors. 


— As its name implies the repulsion-start induction 
motor starts as a repulsion motor with its brushes 
set to the maximum torque position. When the 
load has been accelerated to about 75 per cent of 
synchronous speed, a built in centrifugal device 
places a shorting ring in contact with the com¬ 
mutating bars, converting the armature to squir¬ 
rel-cage rotor. The motor then runs as induction 
motor on its induction characteristic (Fig. 13.11). 

— Although at one time this type of motor was used 
almost exclusively where high starting torque 
was required, it has been replaced in nearly all 
cases by the capacitor motors because of the 
following reasons : 



Torque!times rated) —*- 


Fig. 13.11. Speed-torque characteristics 
of repulsion-start induction motor. 
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( i ) Require more maintenance. (ii) More expensive. 

(Hi) Make quite a bit of noise on starting. 

0 iv ) Cause radio interference when starting 
(u) Cannot be reversed easily. 

Repulsion-start motors, despite these disadvantages, are still used in integral-horsepower sizes 
because of the following reasons : 

(i) High starting torque. 

(ii) Low string current. 

(iii) Ability to accelerate a heavy load more rapidly than high capacitance dual-capacitor 
motors. 


13.11. REPULSION-INDUCTION MOTOR 

— A single-phase repulsion-induction motor combines the constant-speed characteristics of 
the single-phase induction motor with the good starting characteristics of the repulsion 
motor. 

— The stator of this machine has a simple single-phase winding like that of single-phase 
induction motor. The rotor, however, is built up of laminations , each of which has two 
concentric sets of slots. These slots contain two distinct windings ; in the outer slots is 
wound a commutator winding similar to that of a D.C. armature, while in the inner slots 
is a cast aluminium squirrel-cage winding which clamps the laminations. 



Fig. 13.12. (a) Repulsion induction motor. Fig. 13.12. (b) Speed-torque characteristic of 

replusion-inducton motor. 

Fig. 13.12 (a) illustrates an armature for a repulsion induction motor complete with a 
squirrel-cage winding. 

At starting and during the acceleration period, the magnetic flux produced by the stator 
embraces only the commutator winding in the outer slots owing to the high reactance of the squirrel- 
cage. The motor starts up virtually as a repulsion motor and develops a high starting torque. As the 
motor speeds up the reactance of the squirrel-cage decreased, so that this winding assists the 
commutator winding to supply the running torque. 
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Fig. 13.12 (6) shows the speed-torque characteristic of repulsion-induction motor. 

Merits. The repulsion-induction motor has the following merits : 

00 High starting torque. 

(ii) Fairly good speed regulation. 

(Hi) Major virtue is the ability to continue to develop torque under sudden, heavy applied load 
without breaking down. 

Uses. Such motors are suitable for all single-phase power applications which require a hig. 
starting torque and constant speed when running ; they also operate at a very high power factor. The 
are particularly well adapted to drive machine tools, lifts hoists, mixing machines, centrifugalpumpt 
fans and blowers. 

13.12. A.C. SERIES MOTOR 

The series motor due to its desirable speed-torque characteristics is almost exclusively usei 
in railway service. While the D.C. motor is entirely satisfactory for this class of work service and ii 
generally used on street railway cars and trolley coaches, the fact that it is more convenient and more 
economical to transmit power and to transform voltages in A.C. systems than with direct currenti 
has lead to the development of the A.C. series motor for use on some of the important stream-roac 
electrifications. 

Working Principle. The working principle of an A.C. series motor is the same as that of tht 
D.C. series motor. The armature and field are wound and interconnected in the same manner as the 
D.C. series motor. 

When an alternating e.m.f. is applied to the terminals, since field and armature windings an 
connected in series, the field flux and armature current reverse simultaneously every half cycle, bu 



(a) 


(b) 


Fig. 13.13. Working principle of the A.C. series motor. 



Fig. 13.14. Connections for (a) conductive compensation 
(b) inductive compensation. 
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the direction of the torque remains unchanged. The torque is pulsating, but its average value is equal 
to that which a D.C. motor will develop if it had the same r.m.s, value of flux and current. Motor 
connections, direction of torque, etc. for two successive half cycles are shown in Fig. 13.13. If the field 
and armature core are run at low saturation, the air-gap flux is approximately proportional to the 
current and the torque is approximately proportional to current squared. 

Although it is theoretically possible to operate a D.C. series motor from an A.C. circuit, the 
following structural changes must be made in the motor to make it a practical and reasonable efficient 
machine : 

— The entire magnetic circuit must be laminated, and materials with low iron-loss co-effi¬ 
cients should be used as in transformers. 

— The field circuit must be designed for a much lower reactance than the corresponding D.C. 
motor field in order to reduce the reactance voltage drop of the field to a minimum and to 
improve the power factor of the motor. 

— A distributed compensation winding is required to reduce the reactance of the armature 
winding by reducing the leakage flux and to neutralize the cross-magnetising effect of the 
armature ampere turns. 

The compensating winding may be connected 
in series with the series-field and armature wind¬ 
ings, or it may be short-circuited upon itself and 
receive its excitation voltage by transformer action, 
since it is inductively coupled, with the armature 
cross-field (Fig. 13.14). In the first case, the motor 
is said to be conductiuely compensated, while in the 
second it is inductively compensated. Conductive 
compensation is required on motors which are in¬ 
tended for operation in D.C. as well as A.C. circuits . 

— Special provision must be made to secure satisfac¬ 
tory commutation. 

Fig. 13.15 shows the A.C. series motor characteristic. 

13.13. UNIVERSAL MOTOR 

— Fractional-horsepower series motors that are adapted for use on either D.C. or A.C. 
circuits of a given voltage are called universal motors. 

— The universal motor is designed for commercial frequencies from 60 cycles down to D.C. 
(zero frequency), and for voltage from 250 V to 1.5 V. A commercial universal motor may 
have a somewhat weaker series field and more armature conductors than a D.C series 
motor of equivalent horsepower. It is manufactured in ratings up to 3/4 H.P., particularly 
for vacuum cleaners and industrial sewing machines. In smaller size of ^ H.P or less, it is 
used in electric hand drills. 

Like all series motors, the no-load speed of the universal motor is universally high. Quite 
frequently, gears trains are built into the motor housing of some universal motors to provide 
exceedingly high torque at low speeds. 

When these motors are used in commercial appliances such as electric shavers, sewing 
machines, office machines, and small hand hair dryers or vacuum cleaners, they are always directly 
loaded with little danger of motor run away. 



Fig. 13.15. A.C. series motor 
characteristics. 
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Advantages of universal motor: 

1. High speed from above 3600 r.p.m. to around 25000 r.p.m. 

2. High power output in small physical sizes for use in portable tools. 

3. High torque at low and intermediate speeds to carry a particularly severe load. 

4. Variable speed by adjustable governor, by line voltage or especially by modern pulse 
techniques. 

Disadvantages: 

1. Increased service requirement due to use of brushes and commutators. The life of these 
parts is limited in severe service. 

2. Relatively high noise level at high speeds. 

3. Moderate to severe radio and television interference due to brush sparking. 

4. Requirement for careful balancing to avoid vibration. 

5. Requirement for reduction gearing in most portable tools. 

Universal motors are manufactured in two types : 

1. Concentrated-pole, non-compensated type (low H.P rating). 

2. Distributed field compensated type (high H.P. rating). 

Fig. 13.16 shows the laminated field structure of a typical concentrated field universal motor. 

Operation of a Universal Motor. As explained in Art. 13.12, such motors develop unidirec¬ 
tional torque regardless of whether they operate on D.C. or A.C. supply. The production of unidirec- 



core 

Fig. 13.16. Field core of a two pole universal motor. 



Fig. 13.17. Universal motor operation. 

tional torque when the motor runs on A.C. supply can be easily understood from Fig. 13.17. The motor 
works on the same principle as a D.C. motor, i.e. 9 the force between the main pole flux and the current 
carrying armature conductors. This is true regardless of whether current is alternating or direct. 
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— Fig. 13.18 shows the typical torque characteristics of a 
universal motor both for D.C. and A.C. supply. 

— The speed of a universal motor may be controlled by the 
following methods: 

(i) Reactance method 

(ii) Tapped-field method 
(Hi) Centrifugal mechanism. 


£ 


^Direct 
\ N < current 



Alternating 

current 


0 100 200 300 £00500 
Percent F.L. Torque 


Fig. 13.18. Typical torque charac- 

13.14. RELUCTANCE MOTOR teristics of a universal motor. 


Single-phase salient-pole synchronous-induction motors are generally called reluctance 
motors. If the rotor of any uniformly distributed single-phase induction motor is altered so that the 
laminations tend to produce salient rotor poles y as shown in Fig. 13.19, the reluctance of the air-gap 
flux path will be greater where there are no conductors em¬ 
bedded in slots. Such a motor, coming up to speed as an 
induction motor, will be pulled into synchronism with the 
pulsating A.C. single-phase by the reluctance torque 
developed at the salient iron poles which have lower-reluc¬ 
tance air gaps. 

Working of a reluctance motor. In order to under¬ 
stand the working of such a motor the basic fact which must 
be kept in mind is that when a piece of magnetic material is 
located in a magnetic field, a force acts on the material , tending 
to bring it into the densest portion of the field. The force tends 
to align the specimen of material in such a way that the 
reluctance of the magnetic path that passes through the 
material will be minimum. 



Fig. 


13.19. Reluctance-motor 
lamination. 


When supply is given to the stator winding, the revolving magnetic field will exert reluctance 
torque on the unsymmetrical rotor tending to align the salient pole axis of the rotor with the axis of 
the revolving magnetic field (because in this position, the reluctance of the magnetic path would be 
minimum). If the reluctance torque is sufficient to start the motor and its load, the rotor will pull 
into step with the revolving field and continue to run at the speed of the revolving field. (Actually 
the motor starts as an induction motor and after it has reached its maximum speed as an induction 
motor, the reluctance torque pulls its rotor into step with the revolving field so that the motor now 
runs as synchronous motor by virtue of its saliency). 

Reluctance motors have approximately one-third the horse-power rating they would have as 
induction motors with cylindrical rotors, although the ratio may be increased to one-half by proper 
design of the field windings. Power factor and efficiency are poorer than for the equivalent induction 
motor. Reluctance motors are subject to hogging 9 , since, the locked-rotor torque varies with the rotor 
position, but the effect may be minimized by skewing the rotor bars and by not having the number 
of rotor slots exactly equal to an exact multiple of the number of poles. 

Uses. Despite its short-comings, the reluctance motor is widely used for many constant speed 
applications such as recording instruments , time devices , control apparatus, regulators, and 
phonograph turntables. 

— Reversing is obtained as in any single-phase induction motor. 

Speed-torque characteristics. Fig. 13.20, shows speed-torque characteristics of a typical 
single-phase reluctance motor. 
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— The motor starts at anywhere from 300 to 400 per cent of its full-load torque (depending 


on the rotor position of the unsymmetri- 
cal rotor with respect to the field wind¬ 
ings) as a two-phase motor as a result of 
the magnetic rotating field created by a 
starting and running winding (dis¬ 
placed) 90° in both space and time. 

— At about 3/4 th of the synchronous speed, 
a centrifugal switch opens the starting 
winding, and the motor continues to 
develop a single-phase torque produced 
by its running winding only. 

As it approaches synchronous speed, the 
reluctance torque (developed as a synchronous 
motor) is sufficient to pull the rotor into 
synchronism with the pulsating single-phase field. 
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Fig. 13.20. Speed-torque characteristics of a 
single-phase reluctance motor. 


The motor operates at a constant speed up to a little over 200% of its full-load torque. If it 
is loaded beyond the value of a pull-out torque, it will continue to operate as a single-phase 
induction motor up to 500% of its rated output. 


13.15. HYSTERESIS MOTOR 


Single-phase cylindrical (non-salient l pole) synchronous-induction or shaded pole motors are 
classed as hysteresis motors. A hysteresis motor has neither a salient pole rotor nor direct excitation, 
but nevertheless it rotates at synchronous speed. This type of motor runs into synchronism and runs 
on hysteresis torque. 



Hard 


magnetic 

steel 


Hysteresis-type lamination, shown in Fig. 13.21, are usually made of hardened, high reten - 
tivity steel rather than commercial, low-retentivity dynamo steel. 

Working. As a result of a rotating magnetic field 
produced by phase splitting or a shaded-pole stator, eddy cur¬ 
rents are induced in the steel of the rotor which travel across the 
two bar paths of the rotor shown in Fig. 13.21. A high-retentivity 
steel produces a high hysteresis loss, and an appreciable amount 
of energy is consumed from the rotating field in reversing the 
current direction of the rotor. At the same time the rotor mag¬ 
netic field set up by the eddy currents causes the rotor to rotate. 

A high starting torque is produced as a result of the high resis¬ 
tance (proportional to hysteresis). As the rotor approaches 
synchronous speed, the frequency of current reversal in the cross-bars decreases, and the rotor 
becomes permanently magnetized in one direction as a result of the high retentivity of the steel rotor. 
Consequently the motor continues to rotate at synchronous speed. 


Fig. 13.21. Hysteresis rotor. 


— An extremely important use of this type of motor is for the rotation of gyroscope rotors in 
inertial navigation and control systems. Here the requirement is for as near absolute 
accuracy as can be achieved. One major component of the instrument accuracy that 
contains the gyroscope is that the gyroscopic moment be absolutely constant. This 
constancy requires a synchronous motor that is driven by a regulated constant-frequency 
source. 
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1316. SUB-SYNCHRONOUS MOTOR 

When the motor has a rotor that has an overall cylindrical outline and yet is toothed as a 
many-pble salient-pole rotor, it is a sub-synchronous motor. A typical rotor may helve 16 teeth 
or poles, and in conjuction with a 16-pole stator will normally rotate at synchronous 450 r.p.m. 
when operated on 60 Hz. If this motor were temperarily 
overloaded, it would drop out of synchronism. Then the speed 
drops down toward the maximum torque point, and the 
motor will again lock into synchronism at a sub-multiple 
speed of 225 r.p.m. Hence the name of sub-synchronous 
motor. 

This type of motor starts and accelerates with 
hysteresis torque just as the hyseteresis synchronous motor 
does. There is no equivalent of induction-motor torque as in 
the reluctance motors. 

This type of motor in any gien size will develop a 
higher starting torque but a lesser synchronous speed torque 
than a reluctance motor. 

Fig. 13.22. shows a sub-synchronous rotor. 



13.17. STEPPER MOTORS 


Fig. 13.22. Sub-synchronous rotor. 


13.17.1. Introduction 

• A stepper motor is an incremental motion machine ( i.e., the motor which turns in 
discrete movement called the steps). It does not rotate continuously as a conventional 
motor does. 

• The stepper motor is a special type of synchronous motor which is designed to rotate 
through a specific number of degrees for each electrical pulse recieved by its control 
imiLTypical steps are 2°, 2.5°, 5°, 7.5° and 15° per pulse. These motors are built to 
follow signals as rapid as 1200 pulses per second and with equivalent power ratings 
upto several kW. 

• The stepper motor is used in digitally controlled position control system in open loop 
mode. The input command is in the form of a train of pulses to turn a shaft through 
a specified angle. 

13.17.2. Advantages and applications 

Advantages : The stepper motor (a positon control device) entails the following advantages : 

1. Compatibility with digital systems. 

2. The angular displacement can be precisely controlled without any feedback arrangement. 

3. No sensors are needed for position and speed sensing. 

4. It can be readily interfaced with microprocessor (or computer based controller). 

Applications : Stepper motors have a wide range of applictions, mentioned below : 

• Paper feed motors in typewriters and printers. 

• Positioning of print heads. 

• Pens in XY-plotters. 

• Recording heads in computer disc drives. 

• Positioning of workables and tools in numerically controlled machining equipment. 

• Also employed to perform many other functions such as metering, mixing, cutting, 
blending, stirring etc. in several commercial, military and medical applications. 

Downloaded From : www.EasyEngineering.net 


Downloaded From : www.EasyEngineering.net 


13.16 


ELECTRICAL ENGINEERING (OBJECTIVE TY pf 




13.17.3. Construction and Working 

• A .stepper motor consists of a slotted stator having multi-pole, multi-phase winding qM 
a rotor structure carrying no winding . They typically use three and four phase win 
the number of poles depends upon the required angular change per input pulse. 

The rotors may be of the permanent magnet or variable reluctance type. 

Stepper motors operate with an external drive logic circuit. When a tram of pulse jg 
applied to the input of the drive circuit, the circuit supplies currents to the stator 
windings of the motor to make the axis of the air-gap field around in coincidence with 
the input pulses. The rotor follows the axis of air-gap magnetic field by virtue of the 
permanent magnet torque and/or the reluctance torque, depending upon the pulse 
rate and load torque (including inertia effects). 

1. Permanent-manget stepper motor : 

• Fig. 13.23 shows the phases or stacks of a 2-phase, 4-pole permanent-magnet stepper 
motor. 




Fig. 13.23 Permanent-magnet stepper motor. 

• The rotor is made of ferrite or rare-earth material which is permanently magnetised , 

• The stator stack of phase II is staggered from that of phase T by an angle of 90°. 

• When the phase T is excited, the rotor is aligned as shown in Fig. 13.23 (i). If now 
the phase ‘IE is also excited, the effective stator poles shift anti-clockwise by 22.5° [Fig. 
13.23 (ii)] causing the rotor to move accordingly. Now, keeping the phase ‘IF still 
energised, if the phase T is now de-energised, the rotor will move another step of 22.5°. 
The reversal of phase T winding current will produce a further forward movement 
of 22.5°, and so on. 

It can be a easily observed/visualised as to how the direction of movement can be reversed. 

• Each phase is provided with double coils to simplify the switching arrangement (which 
is electronically accomplished). 

2. Variable-reluctance stepper motor : 

• A variable-reluctance stepper motor has no permanent magnet on the rotor and the 
rotor employed is a ferro-magnetic multi-toothed one. 

• The large differences in magnetic reluctances that exist between the direct and 
quadrature axes develop the torque. The stationary field developed by the direct 
current in some stator coils tends to develop a torque which causes the rotor to move 
to the position where the reluctance of the flux path is minimum. 

Stepping angle, irrespective of the type of stepper motor is g u as : 

_360°_3 GO 

Number of ph ^Db\Vnl6F\iBrf¥¥bftf P®Ww. EasyEngineering.net 


a = 


...(13.1) 
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3. Hybrid stepped motor : 

• This is infact in permanent-manget stepper motor with constructional features of 
toothed and stacked rotor adopted from the variable-reluctance motor . 

• The stator has only one set of winding-excited poles which interact with the two rotor 
stacks. 

• The permanent magnet is placed axially along the rotor in the form of an annular 
cylinder over the motor shaft 

• The stacks at each end of the rotor are toothed. So all the teeth on the stack at one 
end of the rotor acquire the same polarity while the teeth of the stack at the other 
end of the rotor acquire the opposite polarity. The two sets of the teeth are displaced 
from each other by one half of the tooth pitch (also called pole pitch). 

• The primary advantage of the hybrid motor is that if stator excitation is removed , 
the rotor continues to remain locked into the same position y as before removal of 
excitation. This is due the reason that the rotor is prevented to move in either direction 
by torque because of the permanent manget excitation. 

• Typical step angles for stepper motors are 15°, 7.5°, 2° and 0.72°. The choice of the 
angle depends upon the angular resolution required for application. 

WORKED EXAMPLES 


Example 13.1. The following data pertains to a single-phase induction motor : 

Number of poles = 4 

Supply voltage - 110 V 

Rated output -140W 

Slip at rated output = 5 per cent 

Total copper loss at full-load -28W 

Rotational losses = 28 W 

Calculate the full-load efficiency and the rotor copper loss caused by the backward field. 
Neglect stator copper loss. 

Solution. Number of poles p = 4 
Motor output = 140 W 

Slip, s = 5% 

Rotational losses = 28 W 

Mechanical power developed by rotor, 

P m ech = out P u f + rotational losses = 140 + 28 = 168 W 


Power input to motor 


air gap (/) A air gap ( b) 

mechanical power developed by rotor 

~ (1-s) 


168 


• = 176.84 W 


1-0.05 

where P air gap ^ means power delivered to the forward field rotor 
P ,, v means power delivered to the backward field rotor 

air gap (o) ^ 


l.e.y 

and 


air gap if) ‘ 


P = 176.84 W 

air gap (o) 


S ^air gap (/) + ( 2 S ) P '. 




= total rotor copper loss 

air gai Crownloaded From : www.EasyEngineering.net 
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or 


0.05 


^air gap (/)"*" ^^air gap (6) 

P + 30 P 

air gap (/) ^air gap (6) 


= 28 
= 560 


Solving ( i ) and ( ii ), we get 


air gap (6) 

Rotor copper losses caused by backward field 


= 9.58 W 


(2 s) P air ^ 

= (2 x 0.05) x 9.58 = 18.68 W. (Ans.) 

Full-load efficiency : 

Input power to motor = power input to rotor + stator copper loss 

= 176.84 W, neglecting stator copper loss 


RfulEload 


pow e r _ou t p u t = _ 1 4 0 _ = Q 79 Qr ?9 per cent (Ans) 
power input 176.84 


OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer : 

13.1. In a split phase motor, the running 

winding should have 

(a) high resistance and low inductance 
x (6) low resistance and high inductance 

(c) high resistance as well as high 
inductance 

( d) low resistance as well as low 
inductiance 

13.2. If the capacitor of a single-phase motor 

is short-circuited 

(a) the motor will not start 

(b) the motor will run 

(c) the motor will run in reverse 
direction 

(d) the motor will run in the same 
direction at reduced r.p.m. 

13.3. In capacitor start single-phase motors 

(a) current in the starting winding 
leads the voltage 

( b ) current in the starting winding lags 
the voltage 

(c) current in the starting winding is in 
phase with voltage in running 
winding 

( d) none of the above 


13.4. In a capacitor start and run motors the 
function of the running capacitor in 
series with the auxiliary winding is to 

(a) improve power factor 

( b) increase overload capacity 

(c) reduce fluctuations in torque 

(d) to improve torque 

13.5. In a capacitor start motor, the phase 
displacement between starting and 
running winding can be nearly 

(а) 10° (6) 30° 

(c) 60° (d) 90° 

13.6. In a split phase motor 

. (a) the starting winding is connected 
through a centrifugal switch 

(б) the running winding is connected 
through a centrifugal switch 

(c) both starting and running windings 
are connected through a centrifugal 
switch 

(d) centrifugal switch is used to control 
supply voltage 

13.7. The rotor developed by a single-phase 
motor at starting is 

(a) more than the rated torque 
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(c) less than the rated torque 
'<d) zero 

13 . 8 . Whk& of the following motor will give 
relatively high starting torque ? 

(a> Capacitor start motor 
(6) Capacitor run motor 
(c) Split phase motor 
(c) Shaded pole motor 

13.9. Which of the following motor will have 
relatively higher power factor ? 

(a) Capacitor run motor 

(b) Shaded pole motor 

(c) Capacitor start motor 
(< d ) Split phase motor 

13.10. In a shaded pole motor, the shading coil 
usually consist of 

(a) a single turn of heavy wire which is 
in parallel with running winding 
ib) a single turn of heavy copper wire 
which is short-circuited and carries 
only induced current 

(c) a multilayer fine gauge copper wire 
in parallel with running winding 

(d) none of the above 

13.11. In a shaded pole single-phase motor, 
the revolving field is produced by the 
use of 

(a) inductor (6) capacitor 

(c) resistor \ (^shading coils 

13.12. A centrifugal switch is used to dis- con¬ 
nect starting winding when motor has 

(a) run for about 1 minute 
(6) run for about 5 minutes 

(c) picked up about 50 to 70 per cent of 
' rated speed 

(d) picked up about 10 to 25 per cent of 
rated, speed 

13.13. If a particular application needs high 
speed and high starting torque, then 
which of the following motor will be 
preferred ? 

(a y > Universal motor 

(b) Shaded pole type motor 

(c) Capacitor start motor 

(d) Capacitor start and run motor 

13.14. The value of starting capacitor of a 

fractional horse power motor will be 

(a) 100 |iF (6) 200 gF 

(c) 300 |iF (d) 400 \xF 


13,19 

13.15. In repulsion motor direction of rotation 
of motor 

(а) i$ opposite to that of brush shift 
MB).is the same as that of brush shift 

(c) is independent of brush shift 

13.16. In a single phase motor the centrifugal 
switch 

\(a) disconnects auxiliary winding of 
the motor 

(б) disconnects main winding of the 
motor 

(c) reconnects the main winding the 
motor 

(d) reconnects the auxiliary winding of 
the motor 

13.17. The running winding of a single phase 
motor on testing with meggar is found 
to be ground. Most probable location of 
the ground will be 

(а) at the end connections 

(б) at the end terminals 

(c) anywhere on the winding inside a 
slot 

-(d) at the slot edge where coil enters or 
comes out of the slot 

13.18. A capacitor-start single phase induc¬ 
tion motor is switched on to supply with 
its capacitor replaced by an inductor of 
equivalent reactance value. It will 

(a) start and then stop 

(b) start and run slowly 

(c) start and run at rated speed 
\(d) not start at all 

13.19. Which of the following motors is used 
in mixies ? 

(а) Repulsion motor 

(б) Reluctance motor 
(c) Hysteresis motor 

\ id) Universal motor 

13.20. Which of the following motors is in¬ 
herently self starting ? 

(a) Split motor 
V .(B) Shaded-pole motor 

(c) Reluctance motor 

(d) None of these 

13.21. The direction of rotation of an hysteresis 
motor is determined by 

(a) interchanging the supply leads 
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\itr) position of shaded pole with respect 
to main pole 

(c) retentivity of the rotor material 
(< d) none of these 

13.22. Burning out of windings is due to 
\J&f short circuited capacitor 

0 b ) capacitor value having changed 

(c) open circuiting of capacitor 
0 d ) none of the above 

13.23. Direction of rotation of a split phase 
motor can be reversed by reversing the 
connection of 

(а) running winding only 

(б) starting winding only 

^(c) either (a) or (6) (d) both (a) and (6) 

13.24. Short-circuiter is used in 

(а) repulsion induction motor 

(б) repulsion motor 

» ,(c) repulsion start induction run motor 

(d) none of the above 

13.25. The range of efficiency for shaded pole 
motors is 

(a) 95% to 99% (i b ) 80% to 90% 

(c) 50% to 75% .. (d)' 5% to 35% 

13.26. In a capacitor start single-phase motor, 
when capacitor is replaced by a resis¬ 
tance 

(a) torque will increase 

(b) the motor will consume less power 

(c) motor will run in reverse direction 
^ d 9 motor will continue to run in same 

direction 

13.27. The power factor of a single-phase in¬ 
duction motor is usually 

lagging (b) always leading 

(c) unity 

(d) unity to 0.8 leading 

13.28. A shaded pole motor can be used for 

(a) toys (b) hair dryers 

(c) circulators x(d*rany of the above 

13.29. A hysteresis motor works on the 
principle of 

'{a) hysteresis loss 

(b) magnetisation of rotor 

(c) eddy current loss 

(d) electromagnetic induction 

13.30. Which of the following motor will give 
the highest starting torque ? 
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(a) D.C. shunt motor 
Ob) Schrage motor 

(c) Repulsion start and induction run 
motor 

(d) Universal motor 

13.31. For which of the applications a reluc¬ 
tance motor is preferred ? 

(a) Electric shavers 

(b) Refrigerators 

**(£) Signalling and timing devices 
{d) Lifts and hoists 

13.32. The motor used on small lathes is 
usually 

(a) universal motor 

(b) D.C. shunt motor 

v(e) single-phase capacitor run motor 
(d) 3-phase synchronous motor 

13.33. Which of the following motors is 
preferred for tape-recorders ? 

(a) Shaded pole motor 
\ff>) Hysteresis motor 

(c) Two value capacitor motor 

(d) Universal motor 

13.34. A single-phase induction motor is 

(a) inherently self-starting with high 
torque 

(b) inherently self-starting with low 
torque 

(6) inherently non-self-starting with 
low torque 

(d) inherently non-self-starting with 
high torque 

13.35. A schrage motor can run on 

(o) zero slip (b) negative slip 

(c) positive slip of the above 

13.36. A universal motor can run on 

(a) A.C. only 

(b) D.C. only 

\ (c) either A.C. or D.C. 

(d) none of the above 

13.37. Which of the following single-phase 
motors is suitable for timing and con¬ 
trol purposes ? 

" ■'da) Reluctance motor 
jl>) Series motor 
Jjfc) Repulsion motor 
(d) Universal motor 
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13.38* Single phase induction motor usually 
operates on 

ia) 0.6 power factor lagging 
(6) 0.8 power factor lagging 

(c) 0.8 power factor leading 

(d) unity power factor 

13.39* In split-phase motor auxiliary winding 
is of 

(a) thick wire placed at the bottom of 
the slots 

(b) thick wire placed at the top of the 
slots 

\(c) thin wire placed at the top of the 
slots 

(d) thin wire placed at the bottom of the 
slots 

13.40. Which of the following motors will 
operate at high power factor ? 

(а) Shaped pole motor 

(б) Split phase motor 

(c) Capacitor start motor 
\(<i) Capacitor run motor 

13.41. In a two value capacitor motor, the 
capacitor used for running purposes is 

(a) air capacitor 

£6) paper spaced oil-filled type 

(c) ceramic type 

(d) a.c. electrolytic type 

13.42. Which of the following motors can be 
run on AC. as well as D.C. supply ? 
ja)'Universal motor 

~ (b) Repulsion motor 

(c) Synchronous motor 

(d) Reluctance motor 

13.43. In A.C. series motor compensating 
winding is employed to 

(a) reduce the effects of armature reac¬ 
tion 

( b ) increase the torque 

*Xc) reduce sparking at the brushes 
(d) none of the above 

13.44. Which of the following single-phase in¬ 
duction motors is generally used in 
time phonographs ? 

(а) Resistance start 

(б) Capacitor start capacitor run 
\(c) Shaded pole 

{d) Universal 


13.21 

13.45. Which of the following motors has 
highest starting torque ? 

(a) Repulsion motor 

(b) Shaped pole motor 
\^TCapacitor-start motor 

(d) Split-phase motor 

13.46. The repulsion-start induction-run motor 
is used because of 

(a) good power factor 

(b) high efficiency 

(c) minimum cost 
high starting torque 

13.47. In case of a shaded pole motor the direc¬ 
tion of rotation of the motor is 

*Ja) from main pole to shaded pole 
(6) from shaded pole to main pole 

(c) either of the above depending on 
voltage 

(d) either of the above depending on 
power factor 

13.48. In case of high speed universal motor 
which of the following needs more at¬ 
tention ? 

(a) End play (6) Air gap 

(c) Insulation in rotor 
x, (dUBalancing of rotor 

13.49. The wattage rating for a ceiling fan 
motor will be in the range 

(a) 200 to 250 W (6) 250 to 500 W 
sM 50 to 150 W (d) 10 to 20 W 

13.50. The wattage of motor for driving 
domestic sewing machine will be 
around 

Ufa) 100 to 150 W ( b ) 40 to 75 W 

(c) 10 to 30 W (d) 5 to 10W 

13.51. Which of the following single-phase 
motors has relatively poor starting 
torque ? 

(а) Universal motor 

(б) Repulsion motor 
\ierCapacitor motor 

(d) All single phase motors have zero 
starting torque 

13.52. Which type of load is offered by cranes 
and hoists ? 

(а) Gradually varying load 

(б) Non-reversing, no-load start 
(c) Reversing, light start 

> (d) Reversing, heavy start 
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13.53. The speed of a universal motor is 
generally reduced by using 

\(6) gear trains (6) V-belts 

(c) brakes (< d ) chains 

13.54. Which of the following motors can be 
used for unity power factor ? 

(а) Capacitor run motor 

(б) Shaded pole motor 
(c) Hysteresis motor 

\fe£fSchrage motor 

13.55. When a D.C. series motor is connected 
to A.C. supply, the power factor will be 
low^ because of 

\-(p9 high inductance of Field and ar¬ 
mature circuits 

(6) induced current in rotor due to 
variations of flux 

(c) fine copper wire winding 

(d) none of the above 

13.56. The direction of rotation of universal 
motor can be reversed the by reversing 
the flow of current through 

(а) armature winding 

(б) field winding 

<(c) either armature winding or field 
winding 

(d) none of the above 

13.57. In which single-phase motor, the rotor 
has no teeth or winding ? 

(а) Split phase motor 

(б) Reluctance motor 
v (c) Hysteresis motor 

(d) Universal motor 

13.58. Which motor is normally free from 
mechanical and magnetic vibrations ? 

(a) Split phase motor 

(b) Universal motor 

- (c) Hysteresis motor 
(d) Shaded pole motor 

13.59. As hysteresis motors are free from 
mechanical and magnetic vibrations 
therefore these are considered as 
suitable for 

(a) fans 

(b) blowers 

' (c) sound equipment 
(d) mixer grinders 
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13.60. A reluctance motor 

(а) is self-starting 

(б) is constant speed motor 

(c) needs no D.C. excitation 
' ($)' all of the above 

13.61. In a hysteresis motor, the rotor must 
have 

, (a) retentivity 
(6) resistivity 

(c) susceptibility 

(d) none of the above 

13.62. The rotor of a hysteresis motor is made 
of 

(a) aluminium (6) cast iron 

v (c) chrome steel id) copper 

13.63. The electric motor used in portable 
drills is 

(а) capacitor run motor 

(б) hysteresis motor 

(c) universal motor 
0 d ) repulsion motor 

13.64. Which of the following applications 
always have some load whenever 
switched on ? 

(а) Vacuum cleaners 

(б) Fan motors 
.. (c) Pistol drills 

(d) All of the above 

13.65. The speed control of universal motor 
used for sewing machines is by 

(a) friction 

\Jffi varying the resistance 
(c) tapping the field 
id) centrifugal mechanism 

13.66. Torque developed by a single phase in¬ 
duction motor at starting is 

(a) pulsating (6) uniform 
(c) none of the above 

sjrf)nil 

13.67. In split phase motor main winding is of 

(a) thin wire placed at the top of the 
slots 

(b) thin wire placed at the bottom of the 
/ slots 

vXc) thick wire placed at the bottom of 
tfie slots 

t (c0 thick wire placed at the top of the 
slots 
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13.68. In repulsion motor, maximum torque is 
developed when 

iJ&J brush axis is at 45° electrical to the 
Field axis 

(6) brush axis coincides with the field 
axis 

(c) brush axis is at 90° electrical to the 
field axis 

(d) none of the above 

13.69. If the centrifugal switch does not open 
at 70 to 80 percent of synchronous 
speed of motor, it would result in 

V "^damage to the starting winding 
(i b ) damage to the centrifugal switch 
^(^ overloading of running winding 
(d) none of the above 

13.70. Speed torque characteristic of a repul¬ 
sion induction motor is similar to that 
of a D.C. 

(a) shunt motor '(^-series motor 
\(eXcompound motor 

(d) separately excited motor 

13.71. In a ceiling fan employing capacitor run 
motor 

\(orfsecondary winding surrounds the 
primary winding 

(b) primary winding surrounds the 
secondary winding 

(c) both are usual arrangements 

(d) none of the above 

13.72. The shaded pole motor is used for 
(a) high starting torque 

1(6) low starting torque 

(c) medium starting torque 

(d) very high starting torque 

13.73. The rotor slots, in an induction motor, 
are usually not quite parallel to the 
shaft because it 

(а) improves the efficiency 

(б) helps the rotor teeth to remain under 
the stator teeth 

j^dflielps in reducing the tendency of 
the rotor teeth to remain under the 
stator teeth 

(d) improves the power factor 

13.74. The speed/load characteristics of a 
universal motor is same as that of 

(a) A.C. motor 


12.23 

(6) D.C. shunt motor 
- (c) D.C. series motor 
(d) none of the above 

13.75. The purpose of stator winding in the 
compensated repulsion motor is to 

(a) provide mechanical balance 
’- (6)improve power factor and provide 
better speed regulation 

(c) prevent hunting in the motor 

(d) eliminate armature reaction 

13.76. Which of the following motors is used 
for unity power factor ? 

(a) Hysteresis motor 
\J6Xochrage motor 

(c) Universal motor 

(d) Reluctance motor 

13.77. The motor used for the compressors is 

(а) d.c. series motor 

(б) shaded pole motor 

?. (cT capacitor-start capacitor-run motor 
(d) reluctance motor 

13.78. Which of the following motors is used 
in a situation where load increases with 
speed ? 

(a) Induction motor 
r(6)Three-phase series motor 

(c) Schrage motor 

(d) Hysteresis motor 

1$.79. In repulsion motor, zero torque is 
developed when 

(а) brush axis is 45° electrical to field 
axis 

(б) brush axis coincides with the field 
axis 

(c) brush axis is 90° electrical to field 
axis 

n (d) both (6) and (c) 

13.80. Centrifugal switch disconnects the 
auxiliary winding of the motor at about 
.percent of synchronous speed 

(a) 30 to 40 %(bf r ,70 to 80 

(c) 80 to 90 (d) 100 

13.81. Starting winding of a single phase 
motor of a refrigerator is disconnected 
from the circuit by means of a 

magnetic relay (6) thermal relay 

(c) centrifugal switch 

(d) none of the above 
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13.82. If a single phase induction motor runs 
slower than normal, the most likely 
defect is 

r la )'worn bearings 
(6) short-circuit in the winding 

(c) open-circuit in the winding 

(d) none of the above 

13.83. Which of the following motors is used 
in tape-recorders ? 

\. (a) Hysteresis motor 
(6) Reluctance motor 
(c) Capacitor-run motor 
id) Universal motor 

L3.84. Which of the following statements 
regarding two value capacitor motor is 
incorrect ? 

(a) It is a reversing motor 
, {byIt is preferred to permanent-split 
single-value capacitor motor where 
frequent reversals are required 
(c) It has low starting as well as rush¬ 
ing currents 

0 d) It has high starting torque 

13.85. Two-value capacitor motor finds in¬ 
creased application as compressor 
motor in small home air-conditioners 
because 

(a) it is comparatively cheaper 
C b ) it has almost non-destructible 
.capacitor 

\{$ it has low starting as well as run¬ 
ning currents at relatively high 
power factor 

id) it is quiet in operation 

13.86. If the centrifugal switch of a two-value 
capacitor motor using two capacitors 
fails to open then 

(а) motor will not come upto speed 

(б) motor will not carry the load 

(c) current drawn by the motor will be 
^excessively high 

' (d)f electrolytic capacitor will, in all 
probability, suffer break down 

13.87. In a universal motor, the most common 
cause of brush sparking is 

(a) open armature winding 
C b ) shorted armature winding 
(c) shorted field winding - 
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{d) high commutator mica 
all of the above 

13.88. If starting winding of a single-phase 
induction motor is left in the circuit, it 
will 

(a) run faster 

(b) spark at light loads 

^ JeXdraw excessive current and over¬ 
heat 

0 d ) run slower 

13.89. Most of the fractional horsepower 
motors have either 

(а) hard and annealed bearings 

(б) ball or roller bearings 

(c) soft and porous bearings 
VGe^plain or sleeve bearings 

13.90. Which of the following statements 
regarding reluctance-start motor is in¬ 
correct ? 

\^(ef)Tt is similar to reluctance motor 
(i b ) It is basically an induction motor 
and not a synchronous one 

(c) So far as its basic working principle 
is concerned, it is similar to shaded 
pole motor 

(d) the air-gap between rotor and 
salient poles is non- uniform 

13.91. To reverse the direction of rotation of a 
capacitor-start motor while it is run¬ 
ning we should 

^ disconnect motor from the supply 
till it stops then reconnect it to 
supply with reversed connection of 
main or auxiliary winding 
(6) disconnect motor from supply and 
immediately reconnect it to supply 
with reversed connections of the 
main winding 

(c) reverse the direction of connection 
of the auxiliary winding and after 
motor comes to rest then connect 
auxiliary winding to the supply 

(d) reverse the direction of connections 
of the auxiliary winding and im¬ 
mediately connect it to supply 

13.92. When a ceiling fan employing a 
capacitor run motor is switched on, it 
hums but does not burn. When it is 
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driven by external means, it runs in 
whatever direction it is made to run. 
The trouble is due to 

(a) blown fuse 

( b ) short in the capacitor 

(c) an open in centrifugal switch 
\(d) an open in capacitor 

13.93. Which of the following motors has two 
separate windings on the motor ? 

(a) Repulsion motor 

V (b) Repulsion induction motor 

(c) Repulsion start induction run motor 

(d) None of the above 

13.94. A shaded pole motor does not possess 

(a) centrifugal switch 

(b) capacitor 

(c) commutator 

\ (d) all of the above 

13.95. In a A.C. series motor armature coils 
are usually connected to commutator 

\ (a) through resistance 

( b ) through reactances 

(c) through capacitors 

(d) solidly 

13.96. Which of the following statements 
regarding a reluctance motor is incor¬ 
rect Z 

V (a) It cannot be reversed, ordinarily 
(6) It requires no D.C. field excitation 

for its operation 

(c) It is nothing else but a single-phase, 
salient pole synchronous-induction 
motor 

id) Its squirrel cage-rotor is of unsym- 
metrical magnetic construction in 
order to vary reluctance path bet¬ 
ween stator and rotor 

13.97. A universal motor is one which 

, 5 .(&) can be operated either on D.C. or 
A.C. supply at approximately the 
same speed and output 

(b) can be marketed internationally 

(c) runs at dangerously high speed on 
no-load 

13.98. A repulsion motor is equipped with 
(a) slip rings \(&) commutator 

(c) both (o) and (6) 

(d) none of the above 


13.99. 


13.100, 


13.101. 


13.102. 


13.103. 


13.104. 


13.105. 


The capacitors used in single-phase 
capacitor motors have no 
(a) voltage rating (i b ) dielectric medium 
polarity marking 
(d) definite value 

If a D.C. series motor is operated on 
A.C. supply, it will 

(а) spark excessively 

(б) have poor efficiency 

(c) have poor power factor 
\{d) all of the above 

After the starting winding of a single¬ 
phase induction motor is disconnected 

to run only on 

(6) rotor winding (c) field winding 
id) compensating winding 
Which of the following statements 
regarding repulsion-start induction 
motor is incorrect ? 

(a) It requires more maintenance of 
commutator and other mechanical 
devices 

(b) It makes quite a bit of noise on 
starting 

\Jpjfln fractional horse power motors, it 
has replaced the capacitor motors 

(d) It is not easily reversed 

A.C. series motor as compared to D.C. 
series motor has 

(а) smaller brush width 

(б) less number of field turns 

(c) more number of armature turns 
{d) less air gap 

^eiTall of the above 

Locked rotor current of a shaded pole 
motor is 

(а) equal to full load current 

(б) less than full load current 

t(c) slightly more than full load current 

(d) several times the full load current 
Speed control of a universal motor is 
achieved by 

(a) varying field flux with tapped field 
windings 

(b) connecting rheostat in series 

(c) applying variable voltage by means 
of silicon controlled rectifier 


from supply, it continues 
running winding 
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(d) applying variable voltage by means 
^ bf variable auto-transformer 
\(£) all of the above methods 

13.106. Hysteresis motor is particularly useful 
for high-quality record players and 
tape-recorders because 

(а) it revolves synchronously 

(б) it is not subject to any magnetic or 
mechanical vibrations 

(c) it can be easily manufactured in 
extremely small sizes of upto 1 W 
output 

v (d) it develops hysteresis torque which 
is extremely steady both in ampli¬ 
tude and phase 

13.107. Which of the following statements 
regarding hysteresis motor is in in¬ 
correct ? 

c (a) It is extremely sensitive to fluctua¬ 
tions in supply voltage 
(6) Its high starting torque is due to its 
high rotor hysteresis loss 

(c) It is extremely quiet in operation 

(d) It accelerates from rest to full-speed 
almost instantaneously 

13.108. Which of the following statements 
regarding single-phase induction motor 
is correct ? 

(a) It requires only one winding 

(b) It can rotate in one direction only 

(c) It is self-starting 
\{d) It is not self-starting 

13.109. The starting winding of a single-phase 
motor is placed in 

(a) armature ( b ) field 

(c) rotor (d$ stator 

13.110. The speed of a universal motor is usually 
reduced by using 

vJa) gearing (b) belts 

(c) brakes (d) chains 

13.111. In case of a reluctance motor, when the 
load is increased so that it cannot main¬ 
tain synchronous speed the motor will 

(а) become unstable 

(б) draw excessive armature current 
and may bum out 

(c) fall out of synchronism and come to 
standstill 
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as induction motor 

13.112., Which of the following motors would 
you select for vacuum cleaners ? 

(a) Reluctance motor 
\J$fUniversal motor 

(c) Hysteresis motor 

(d) Repulsion motor 

13.113. Which of the following single-phase 
motors will be cheapest ? 

(a) Reluctance motor 
V®fCapacitor start motor 
(c) Capacitor run motor 

13.114. Which of the following applications 
would need the smallest size of motor ? 
(a) Table fan (6) Sewing machine 
(c) Domestic mixi '(d>Electric clock 

13.115. In a shaded-pole motor, rotating mag¬ 
netic field is produced by using 

(a) salient poles 
\X&f shading coils 

(c) copper windings 

(d) a capacitor 

13.116. A universal motor operates on 

(а) synchronous speed with varying 
load 

(б) constant load and varying speed 

t \(p) approximately constant speed and 
load 

(d) constant speed and varying load 

13.117. In a split-phase motor the ratio of num¬ 
ber of turns for starting winding to that 
for running winding is 

xj^ifless than one (6) more than one 

(c) one ( d ) two 

13.118. In a hysteresis motor, the rotor 

(a) has high hysteresis loss 

( b) has high retentivity 
(c^is made of chrome steel 

(d) should have all of the above fea¬ 
tures 

13.119. In a universal motor, normally the 
ratio of width of brush to the width of 
commutator segments is 

(a) 6 : 1 (b) 4:1 

: 1 (d) 1:1 

13.120. Shading coils, in case of a shaded pole 
motor, are used to 

(a) protect against sparking 
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13.121. 


13.122. 


13.123. 


(6) reduce windage losses 

(c) reduce friction losses 

of 

rotation is from 

(a) shaded pole to main pole 
\(b) main pole to shaded pole 

(c) depends on supply line polarity 

(d) none of the above 

Which motor has unsymmetrical rotor ? 

(a) Shaded-pole motor 

(b) Split-phase motor 
^"Reluctance motor 

(d) Universal motor 
If a single-phase motor runs hot the 
probable cause cannot be 
^(df blown fuses (6) low voltage 

(c) high voltage 

(d) shorted stator coils 


; J^produce rotating magnetic field. 
"In a shaded pole motor, the direction 


13.123. For ceiling fans generally the single 
phase motor used is 

(а) capacitor-start type 

(б) split-phase type 
Jefpermanent capacitor type 

(d) capacitor start and run type 

13.125. The direction of rotation of universal 
m^tor can be reversed by 

\ Aa) interchanging the brush leads 
(6) switching over from A.C. to D.C. 

(c) reversing the supply terminals 

(d) any of the above 

13.126. Which of the following is most economi¬ 
cal method of starting a single-phase 
induction motor ? 

(а) Inductance-start method 

(б) Split-phase method 

(c) Resistance-start method 
y^r&apacitance-start method 

13.127. When a universal motor is operated on 
no-load, its speed is limited by 

(a) supply voltage frequency 
(i b ) armature reaction 
\ ($ windage and friction 
\d) weight of the armature 

13.128. What could be the size of a universal 
motor for use in vacuum cleaners ? 

(a) 2 H.P. (fe) 1 H.P. 

(c) -3/4 H.P. (d) 1/4 H.P. 


13.129. Which of the following applications 
make use of a universal motor ? 

MtffPprtable tools ( b ) Lathe machines 

(c) Oil expeller 

(d) Floor polishing machine 

13.130. Which of the following motors is 
generally used in toys ? 

(a) Reluctance motor 
(6) Hysteresis motor 

Shaded-pole motor 
id) Two-value capacitor motor 

13.131. Reluctance motors are 
\ (a)) singly excited 

(b) doubly excited 

(c) either of the above 

(d) none of the above 

13.132. Which of the following motors is 
generally used for electric shavers ? 

i.£a) Universal motor 
(6) Shaded-pole motor 

(c) Reluctance motor 

( d ) Hysteresis motor 

13.133. The rotor of which motor does not have 
winding on it ? 

(а) Repulsion motor 

(б) Universal motor 
(c) Reluctance motor 

Hysteresis motor 

( e ) None of the above 

13.134. Which motor will make least no>ise ? 
Jk&J Hysteresis motor 

(6) Capacitor motor 

(c) Shaded-pole motor 

(d) Universal motor 

13.135. Which motor is relatively free from 
mechanical and magnetic vibrations ? 

(a) Shaded-pole motor 

( b ) Universal motor 

(c) Reluctance motor 
\itfj Hysteresis motor 

13.136. A single-phase capacitor-start motor 
will take starting current nearly 

(a) four to six times the full load cur¬ 
rent 

(b) three times the full load current 
\ (qj fwice the full load current 

^(d) same as full load current 
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13.137. For a system involving sound recording 
and reproduction which motor would 
you select ? 

(a) Shaded-pole motor 

(b) Universal motor 

(c) Reluctance motor 
\(d) Hysteresis motor 

13.138. For the same rating which of the follow¬ 
ing motors has the highest starting 
torque ? 

(a) Synchronous motor 
v(6) Universal motor 

(c) Split-phase motor 

(d) All have identical starting torque 

13.139. A capacitor selected for capacitor-run 
motor should be rated for 

(а) r. m. s. voltage ( b ) average voltage 
'JE^peak voltage 

(d) none of the above 

13.140. If the ceiling fan, when switched on, 
runs at slow speed in the reverse direc¬ 
tion, it can be concluded that 

x id) capacitor is ineffective 

(б) winding has burnt out 
(c) bearings are worn out 
id) none of the above 

13.141. By pushing and pulling the rotor shaft 
of a motor, we can check its 

x Jd) end play (6) side play 

(c) firmness of mounting 
id) free shaft movement 

(e) none of the above 

13.142. Electrical faults in a motor occur most 
commonly in its 

(a) motor winding (6) commutator 
Xe) control equipment 

(d) brushes 

13.143. Which of the following statements 
regarding repulsion induction motor is 
incorrect ? 

(a) At rated load, it runs at almost 
. synchronous speed 

\0) It employs centrifugally-operated 
mechanism to short-circuit the com¬ 
mutator 

(c) At start as well as a low speeds, 
most of the torque is produced by 
repulsion winding 
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(d) At starting, squirrel-cage winding 
produces no torque. 

13.144. Which statement about resistance- 
start split-phase motor is incorrect ? 

(a) It is non-reversible. 

(b) The main winding has low resis¬ 
tance but high reactance 

(c) It has two stator windings called 
main and starting windings 

{d) Starting winding has high resis¬ 
tance but low reactance 
\(^f The two stator windings are con¬ 
nected in series across the supply 
. 13.145. Which of the following statements 
regarding permanent-split single¬ 
value capacitor motor is incorrect ? 

(а) It is generally used for exhaust and 
intake fans and unit heaters 

(б) It is easily reversed because of its 
low running torque 

Hdj It has very low power factor at full 
load 

{d) It is more sensitive to voltage varia¬ 
tions because of its low running 
toque 

13.146. Which of the following statements 
about universal mctor is incorrect ? 

Its direction of rotation can be 
reversed by reversing the polarity 
of its power supply 

(6) It is designed for commercial fre¬ 
quency ranging from zero to 60 Hz 

(c) It is usually built into the device it 
drives 

(< d ) It is built in small size of upto about 
0.5 kW 

13.147. The speed with which magnetic field of 
an induction motor rotates is called 

(а) shaft speed 

(б) effective speed 

(cj synchronous speed 

(d) slip speed 

13.148. A repulsion-start induction-run single¬ 
phase motor runs as induction motor 
only when 

(а) short-circuiter is disconnected 

(б) stator winding is reversed 

(c) brushes are; fted to neutral plane 
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r y (cf) commutator segments are short- 
circuited 

13.149. In a repulsion motor, brushes are con¬ 
nected 

(а) to starting winding 

(б) to the external supply 
(c) to stator winding 

B. Fill in the Blanks/Say ^Yes' or ‘No’: 

13.151. For a given frame size and temperature 
rise the output of single phase motor is 

about . per cent of the 3-phase 

motor. 

13.152. Single phase motors have lower effi¬ 
ciency as compared to 3-phase motors. 

(Yes/No) 

13.153. A single-phase motor is not inherently 


13.154. In a split-phase induction motor the 

stator is provided with two parallel 
windings displaced 90 electrical 
degrees in space and somewhat less 
than 90° in time. (Yes/No) 

13.155. In a split-phase resistance-start induc¬ 
tion motor the starting winding has a 
low resistance and high reactance. 

(Yes/No) 

13.156. The running or main winding of a split- 

phase induction motor has a.resis¬ 
tance and.reactance. 

13.157. Split-phase resistance-start induction 
motors may be reversed by reversing 
the line connections of either the main 
or the auxiliary winding. (Yes/No) 

13.158. Speed control of split-phase windings is 

relatively. 

13.159. One of the major disadvantages of a 

split-phase resistance-start induction 
motor is its.starting torque. 

13.160. The capacitor-start motor may be 

reversed by changing the connections 
of one of the windings. (Yes/No) 

13.161. The capacitor-start split-phase motors 
have higher starting torque. (Yes/No) 

13.162. A.capacitor motor is a single phase 

induction motor which has the same 
capacitor in series with the starting (or 
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v (<f ) together by a jumper wire 
13.150. A motor gets overheated due to 

(a) dry bearings 

(b) overloads 

(c) worn bearings 

(< d ) shorted winding 
i (e) all of the above 


auxiliary) winding for both starting 
and running. 

13.163. A single-value capacitor motor has a 
.starting torque. 

13.164. A single-value capacitor motor has a 
higher full-load efficiency. (Yes/No) 

13.165. A single-value capacitor motor has a 
.power factor at full-load. 

13.166. The permanent-split capacitor motor is 

less expensive than the equivalent 
split-phase or capacitor-start induction 
motor. (Yes/No) 

13.167. The permanent-split capacitor motor is 

used in exhaust and intake fans and 
blowers, unit heaters and office 
machines. (Yes/No) 

13.168. In a two-value capacitor induction 

motor one capacitor is employed during 
the starting period. (Yes/No) 

13.169. The major advantage of the two value 

capacitor motor is its . starting 

torque, coupled with quiet operation 
and good running torque. 

13.170. The two-value capacitor motor finds 

use in smaller home air-conditioning 
units which use this motor in its com¬ 
pressor and operate on a 15 A branch 
circuit. (Yes/No) 

13.171. A.motor is one of the simplest and 

cheapest of manufactured motors. 

13.172. Since the shaded-pole motor does not 

create a true revolving field, the torque 
is not uniform but varies from instant 
to instant. (Yes/No) 

13.173. Shaded-pole motors are built upto 

about.W. 
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13.174. Shaded-pole motors require.main¬ 

tenance. 

13.175. Shaded-pole motors have.construc¬ 

tion. 

13.176. Shaded-pole motors are cheaper in 

cost. (Yes/No) 

13.177. Shaded-pole motors have.starting 

torque. 

13.178. The characteristics of a reluctance- 
start induction motor are similar to 
that of shaded-pole motor. (Yes/No) 

13.179. A reluctance-start induction motor 
cannot be reversed at all. (Yes/No) 

13.180. The . motors are so called because 

the wound rotor of this kind of motor is 
equipped with a commutator and 
brushes. 

13.181. The speed of a repulsion motor depends 

upon the.position. 

13.182.control of a repulsion motor can be 

provided by mounting the brushes on a 
rocker which can be rotated by a lever 
handle mounted on the motor end- 
shield. 

13.183. A repulsion-start induction motor 

starts as a.motor with its brushes 

set to the maximum torque position. 

13.184. A repulsion-induction motor has a fair¬ 
ly good speed regulation. (Yes/No) 

13.185. The major viture of the.induction 

motor is its ability to continue to 
develop torque under sudden, heavy 
applied loads without breaking down. 

13.186. The repulsion-induction motors are 
particularly well adapted to drive 
machine tools, lifts, hoists, mixing 
machines, centrifugal pumps, fans and 


blowers. (Yes/No) 

13.187. The working principle of an.series 


motor is the same as that of the D.C. 
series motor. 

13.188. Fractional-horse power series motors 
that are adapted for use on either D.C. 
or A.C. circuits of a given voltage are 
called.motors. 
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13.189. Like all.motors, the no-load speed 

of the universal motor is universally 
high. 


I 


13.190. A. motor runs at high speed from 

above 3600 r.p.m. to around 25000 


r.p.m. 


13.191. The speed of a universal motor can be 
controlled by reactance method only. 

(Yes/No) 

13.192. Singile-phase salient-pole synchronous- 
induction motors are generally called 
.motors. 


13.193. The power factor and efficiency of a 

reluctance motor are . than for the 

equivalent induction motor. 

13.194. Reluctance motors are subject to . 

since the locked-rotor torque varies 
with the rotor position, but the effect 

maybe minimized by.the rotor bars 

and by not having the number of rotor 
slots exactly equal to an exact multiple 
of the number of poles. 

13.195. A reluctance motor operates at a con¬ 
stant speed upto a little over . per 

cent of its full-load torque. 

13.196. Single-phase cylindrical (non-salient 

pole) synchronous-induction or shaded 
pole motors are classed as.motors. 

13.197. An hysteresis motor has neither a 

salient pole rotor nor direct excitation, 
but nevertheless it rotates at 
synchronous speed. (Yes/No) 

13.198. An extremely important use of an. 

motor is for the rotation of gyroscope 
rotors in inertial navigation and con¬ 
trol systems. 

13.199. A sub-synchronous motor in any given 
size will develop a higher starting 
torque but a lesser synchronous speed 
torque than a reluctance motor. 

(Yes/No) 

13.200. Can a single-phase split-motor be 

reversed when at rest by changing the 
supply loads. (Yes/No) 
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ANSWERS 

(Single Phase Motors) 


A. Choose the Correct Answer: 


13.1. (b) 

13.2. (a) 

13.3. (a) 

13.4. (a) 

13.6. (a) 

13.7. (d) 

13.8. (a) 

13.9. (a) 

13.11- (d) 

13.12. (c) 

13.13. (a) 

13.14. (c) 

13.16. (a) 

13.17. (d) 

13.18. (d) 

13.19. (d) 

13.21. (b) 

13.22. (a) 

' 13.23. (c) 

13.24. (c) 

13.26. (d) 

13.27. (a) 

13.28. (d) 

13.29. (a) 

13.31. (c) 

13.32. (c) 

13.33. (6) 

13.34. (c) 

13.36. (c) 

13.37. (a) 

13.38. (a) 

13.39. (c) 

13.41. (6) 

13.42. (a) 

13.43. (c) 

13.44. (c) 

13.46. id) 

13.47. (a) 

13.48. (d) 

13.49. (c) 

13.51. (c) 

13.52. (d) 

13.53. (a) 

13.54. (d) 

13.56. (c) 

13.57. (c) 

13.58. (c) 

13.59. (c) 

13.61. (a) 

13.62. (c) 

13.63. (c) 

13.64. (c) 

13.66. (d) 

13.67. (c) 

13.68. (a) 

13.69. (a) 

13.71. (a) 

13.72. (6) 

13.73. (c) 

13.74. (c) 

13.76. (6) 

13.77. (c) 

13.78. (6) 

13.79. (d) 

13.81. (a) 

13.82. (a) 

13.83. (a) 

13.84. (6) 

13.86. (d) 

13.87. (e) 

13.88. (c) 

13.89. (d) 

13.91. (a) 

13.92. (d) 

13.93. (6) 

13.94. (d) 

13.96. (a) 

13.97. (a) 

13.98. (6) 

13.99. (c) 

13.101. (a) 

13.102. (c) 

13.103. ( e ) 

13.104. (c) 

13.106. (d) 

13.107. (a) 

13.108. (d) 

13.109. (d) 

13.111. (d) 

13.112.(6) 

13.113. (6) 

13.114. (d) 

13.116. (c) 

13.117. (a) 

13.118. (d) 

13.119. ic) 

13.121. ( b ) 

13.122. (c) 

13.123. (a) 

13.124. (c) 

13.126. (d) 

13.127. (c) 

13.128. (c) 

13.129. (a) 

13.131. (a) 

13.132. (a) 

13.133. (d) 

13.134. (d) 

13.136. (c) 

13.137. (d) 

13.138. (6) 

13.139. (c) 

13.141. (a) 

13.142. (cl 

13.143. (6) 

13.144. {e) 

13.146. (a) 

13.147. (c) 

13.148. (d) 

13.149. (d) 

B. Fill in the Blanks/Say “Yes’ 

or ‘No’: 


13.151. 50 


13.152. Yes 


13.154. Yes 


13.155. No 


13.157. Yes 


13.158. difficult 


13.160. Yes 


13.161. Yes 


13.163. very poor 


13.164. Yes 



13.5. (d) 
13.10. (6) 
13.15. (6) 
13.20. (6) 
13.25. (d) 
13.30. (6) 
13.35. (d) 
13.40 . t (d) 
13.45. (c) 
13.50. (a) 
13.55.* (a) 
13.60. (d) 
13.65. ( b ) 
13.70. (c) 
13.75. (6) 
13.80. (6) 
13.85. (c) 
13.90. (a) 
13.95. (a) 
13.100. id) 
13.105. (e) 
13.110. (a) 
13.115. (6) 
13.120. (d) 
13.125. (a) 
13.130. (c) 
13.135. (d) 
13.140. (a) 
13.145. (c) 
13.150. (e) 

13.153. self-starting 
13.156. low, high 
13.159. low 
13.162. single-value 
13.165. higher 
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13.166. No 

13.169. high 

13.172. Yes 

13.175. rugged 
13.178. Yes 

13.181. brush 

13.184. Yes 

13.187. A C. 

13.190. universal 
13.193. poorer 
13.196. hysteresis 
13.199. Yes 

13.167. Yes 13.168. No 

13.170. Yes 13.171. shaded-pole 

13.173.40 13.174. little 

13.176. Yes 13.177. very low 

13.179. Yes 13.180. commutator 

13.182. speed 13.183. repulsion 

13.185. repulsion 13.186. Yes 

13.188. universal' 13.189. series 

13.191. No 13.192. reluctance 

13.194. cogging, skewing 13.195. 200 

13.197. Yes 13.198. hysteresis 

13.200. No. 


□ □ 
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Alternators 

14.1. CLASSIFICATION AND OPERATING PRINCIPLE 

A machine for generating alternating currents is referred to as an alternator. 

* Alternators, according to their construction, are divided into the following two classifica¬ 
tions : 

1. Revolving-armature type 

2. Revolving-field type. 

1. Revolving-armature type alternator 

— It has stationary field poles and revolving armature. 

— It is usually of relatively small kVA capac\ty\snd low-voltage rating. It resembles a D.C. 
generator in general appearance except that it has slop-rings instead of a commutator. 
The field excitation must be direct current and therefore, must be supplied from an 
external direct current source. 

2. Revolving-field type alternator: 

— It has a stationary armature or stator , inside of which the field poles rotate. 

— Most alternators are of the revolving-field type, in which the \revolving-field structure’ or 
‘rotor’ has slip rings and brushes to supply the excitation current from an outside D.C. source. 
The armature coils are placed in slots in a laminated core, called the ‘stator’ which is made 
up of thin steel punchings or laminations securely clamped and held in place in the steel 
frame of the generator. Usually the field voltage is between 100 and 250 volts and the 
amount of power delivered to the field circuit is relatively small. 

The following are the principal advantages of the revolving-field type alternators : 

1. The armature windings are more easily braced to prevent deformation under the mechanical 
stresses due to short-circuit currents and centrifugal forces. 

2. The armature (stator) winding must be insulated for a high voltage, while the voltage of 
field circuit is low (100 to 250 volts). It is much easier to insulate the high-voltage winding when it 
is mounted on the stationary structure. 

3. Only a small amount of power at low voltage is handled by the slip ring contacts. 

4. It is easier to build and properly balance high-speed rotors when they carry the field 
structure. 

5. The armature winding is cooled more readily because the stator core can be made large 
enough and with many air passages or cooling ducts for forced air circulation. 

Operating principle (Revolving-field type). When the rotor rotates, the stator conductors 
(being stationary) are cut by the magnetic flux, hence they have induced e.m.f. produced in them. 

14.1 

Downloaded From : www.EasyEngineering.net 



Downloaded From : www.EasyEngineering.net 


14.2 


ELECTRICAL ENGINEERING (OBJECTIVE 



Because the magnetic poles are alternately N and S , they induce an e.m.f. and hence current in 
armature conductors, which first flows in one direction and then in the other. Hence, an alternating 
e.m.f. is produced in the stator conductors whose frequency depends on the number of N and 5 p 0 } es 
moving past a conductor in one second and whose direction is given by Fleming’s right-hand rule. 

Fig. 14.1 shows the operating principle of a three-phase alternator. 


q.c. terminals 



o 

c 


(c) Revolving armature Revolving field 

r’ig. 14.1. Operating principle of a three-phase alternator. 

Note. All synchronous A.C. generators and motors require direct current for excitation. Excitation is 
supplied by a D.C. generator called an exciter. The capacity of the exciter is only a small percentage of the rated 
capacity of the alternator. The exciter may be directly connected to the shaft of the alternator, or it may be driven 
by a separate electric motor, water wheel, or small turbine. Large power stations usually have several exciters 
employing different methods of drive as insurance against the failure of excitation. 

14.2. CONSTRUCTIONAL FEATURES 

14.2.1. Stator 

The Stator of an alternator consists essentially of a cast iron or a welded-steel frame supporting 
a slotted ring made of soft laminated sheet-steel punchings (Fig. 14.2) in the slots of which the 
armature coils are assembled. 

— The laminations are annealed and are insu¬ 
lated from each other by a thin coating of oxide 
and an enamel (as in D.C. machines, trans¬ 
formers etc.) 

— Open slots are used, permitting easy installa¬ 
tion of stator coils and easy removal in case of 
repair. Suitable spacing blocks are inserted at 
intervals between laminations to leave radial 
air ducts, open at both ends, through which 
cooling air may circulate. 

— The coils are shaped much like the coils of a 
D.C. generator, the two sides of the coil being 
approximately a pole pitch apart. All coils are 
alike, and therefore, interchangeable. They 
are insulated before being inserted in the slots 

and are further protected by a horn-fibre slot l ^‘ ' tematoi . 

lining. When in place on the stator, the coils are connected together in groups to form a 
winding of the required number of phases, three-phase star-connected windings being 
common. 
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— A fractional rather an integral number of slots per pole is often used in order to eliminate 
harmonics in the waveform. 

14.2.2. Rotor 

The revolving field structure is usually called the rotor. There are two types of rotors : 

1. Salient pole type rotor. 

2. Smooth cylindrical type rotor. 

Salient pole type rotor. This type of rotor is used for slow-speed machines which have large 
diameters and small axial lengths. 

— The poles are made of thick steel laminations riveted together and attached to a rotor by 
a devetail joint as shown in Fig. 14.3. The overhang of the pole gives mechanical support 
to the field coil. 



Fig. 14.3. Typical lamination of 
a salient pole rotor. 



—'"In most of the alternators, where the oscillation or the limiting effect is very high, the 
damper winding in the pole faces is provided. The copper bars short-circuited at both ends 
are placed in the specially provided holes. The relative velocity of the damping winding 
with respect to main field will be zero when the speed is steady but as soon as it departs 
from the synchronous speed, there will be relative motion between the damper winding 
and the main field. This will induce current in them. This induced current will exert a 
torque in such a way as to bring the alternator to operate at synchronous speed. 


— The pole face is so shaped that the radial air gap length increases from the pole centre to 
pole tips. This makes the flux distribution over the armature uniform to generate sinusoidal 
waveform ofe.m.f. (Fig. 14.4). 

Smooth Cylindrical Rotor 


— This type of rotor is used for alternators which are coupled to steam turbines which run 
at very high speeds. To reduce the peripheral speed of the alternator the diameter of the 
rotor is reduced and axial length is increased. The number of poles of the rotor are two or 
four. 


Fig. 14.5 (a) and 14.5 ( b ) show a cylindrical rotor and cylindrical rotor alternator respectively. 

— These rotors are made from solid forgings of alloy steel. The outer periphery of rotor has 
slots in which the field winding is placed. About 2/3rd of rotor pole pitch is slotted, leaving 
the l/3rd unslotted for the pole centre. Heavy wedges of non-magnetic steel are forced 
into the grooves in the teeth outside the field coils to keep the field coils in position. 

— Cylindrical rotor machines have always horizontal configuration. 
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Fig. 14.5 (a) Cylindrical rotor Fig. 14.5 (b) Cylindrical rotor 

(two pole). alternator (two pole). 

— Since these rotors have large lengths of core forced ventilation is necessary for prope. 
cooling. Forced air cooling is used up to about 50 MVA sizes and for bigger sizes hydrogen 
cooling is invariably employed because the conductivity of hydrogen is about 7 times that 
of air. 

Note. It may be worth mentioning that cylindrical rotors will most likely be located on alternators where 
steam power is readily available. Salient-pole rotors will be found where waterpower is the prime-mover source 
of energy. Diesel engine, gas engine, and gas turbine prime-movers are considered medium-speed machines, and 
their alternators will also have salient poles. Where alternators are driven by other electrical machines, either 
A.C. or D.C. motors, there are no such restrictions on the rotor construction. A design is developed that is 
compatible with the space limitations, speed considerations, and heat dissipation for both electrical machines. It 
may be noted here that the terms high-speed and low-speed rotors are sometimes used synonymously with 
cylindrical and salient-pole rotors, respectively. 


14.3. PITCH FACTOR 


In a full pitch coil, the e.m.fs. in the two coil sides are in phase and therefore the coil e.m.f. is 
twice the e.m.f. of each coil side. In a short pitch coil the e.m.fs. of the two coil sides are not in phase 
and must be added vectorially to give the coil e.m.f. The factor by which the e.m.f. per coil is reduced, 
because of the pitch being less, is known as pitch factor (or coil span factor) k p . Thus, 

^ vector or phasor sum of induced e.m.fs. per coil (14 1) 

p arithmetic sum of the induced e.m.fs. per coil 

It is always less than unity , k p = cos ^ ...(14.2) 

The pitch factor given by eqn. (14.2) is for the fundamental component of e.m.f. If the flux 
density distribution contains space harmonics, the pitch factor for the nth harmonic is given by, 

kpn - COS - ...(14.3) 

The nth harmonic e.m.f. is reduced to zero if the angle a is such that cos = 0 


or —■ = 90° ...(14.4) 

This enables the windings to be designed such that specified harmonics will not be generated 
e.g. if a = 60°, there can be no third harmonic generation. Thus fractional pitch windings result in a 
voltage wave form which resembles a sinusoid to a better degree than that a full-pitch winding. 
Note. If the value of a is not given in question, then assume k p = 1. 
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14.4. DISTRIBUTION OR BREADTH OR WINDING FACTOR 

When the coils comprising a phase of the winding are distributed in two or more slots per 
pole, the e.m.fs. in the adjacent coils will be out of phase with respect to one another and their 
resultant will be less than their algebraic sum. The ratio of the vector sum of the e.m.fs . induced in 
all the coils distributed in a number of slots under one pole to the arithmetic sum of the e. m.fs. induced 
(or to the resultant of the e.m.fs. induced in all the coils concentrated in one slot under one pole) is 
known as distributed factor kd 

i _ _ e.m.f. induced in a distributed winding _ vector sum 

or d e.m.f. induced if the winding would have been concentrated ~~ arithmetic sum 


The distribution factor is always less than unity. 
Value of the distribution factor is given as 

2 

kd 1 


sin 


q sin 


£ 


...(14.5) 


where n = number of slots/pole 

q = number of slots/pole/phase 
(3 = angular displacement between the slots 
180° 
n 


14.5. E JH.F. EQUATION 

The e.m.f. induced (for sinusoidal wave) per phase, 

^r.m.s./phase = 4.44 /> T pk k p k d volts 
where f = frequency, Hz 

4> = useful flux per po T&, webers 

Tph = number of coils or turns per phase (one turn coil has two sides) 
kd = distribution factor 
k p = pitch factor. 

14.6. ALTERNATOR ON LOAD 

When load on an alternator varies, its terminal voltage also varies. This variation in terminal 
voltage is due to the following reasons : 

(i) Voltage drop due to armature resistance. 

(ii) Voltage drop due to armature leakage reactance X L . 

(Hi) Voltage drop due to armature reaction. 

14.7. VOLTAGE REGULATION 

— When an alternator is subjected to a varying load, the voltage at the armature terminals 
varies to a certain extent, the amount of this variation determines the regulation of the 
machine. The numerical value of regulation is defined as the percentage rise in voltage 
when full-load at the specified power-factor is switched off, the excitation being adjusted 
initially to give normal voltage. Thus, 

E — V 

% regulation ‘up' = °y — x 100 ...(14.6) 
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— A normal alternator has a regulation of about 8 to 10 percent at unity power factor, but 
the voltage rise is considerably increased at lagging power-f'actors. At 0.8 lagging power 
factor the value lies between 25 and 35 per cent, or even more. 

— Close regulation is not desired, since such an alternator would deliver an excessive current 
if accidentally short-circuited. Coarse regulation adds to the protection of the machine y and 
it is usual to design an alternator with a considerable amount of internal reactance, since 
this limits the short-circuit current, a most important point where alternators of high 
power are concerned. Indeed, large alternators are now designed to withstand a dead 
short-circuit with impunity. The disadvantages of coarse regulation is obviated by the 
usual practice of operating an alternator in conjunction with an automatic voltage 
regulator, which maintains an approximately constant voltage at all loads. 

1. Determination of Voltage Regulation. It is not usually possible or desirable to measure 
the regulation by direct experiment, indirect methods being adopted which do not necessitate the 
loading of the alternator. For this purpose, open circuit and short-circuit characteristics are required. 
The following indirect methods are used to determined voltage regulation : 

1. Synchronous impedance or E.M.F. method. 

2. The Ampere-turn or M.M.F. method. 

3. Zero power-factor or Potier method. 

All these methods require : 

(i) Armature (or stator) Resistance R a . 

Hi) Open-circuit/on-load characteristic. 

{Hi) Short-circuit characteristic (but zero power factor lagging characteristic for Potier method). 

1. Synchronous impedance method 

The results obtained by this method are too high, owing to the fact that the synchronous 
impedence determined at short-circuit condition is too large due to a very low degree of saturation. 
Hence this method is called the 'pessimistic' method. 

2. The ampere-turn or m.m.f. method 

Regulation given by this method is much lower than that given by the synchronous 
impedance method, but it is nearer the correct value. The method is called the f Optimistic’ 
method. 

3. Zero power factor or Potier method 

This method gives more accurate results since it is based on the separation of armature leakage 
reactance drop and the armature reaction effects. The following experimental data is required in this 
method : 

Xi) No-load or open circuit curve. 

iii) Full-load zero power factor curve (not. S.C.C.). 

14.8. PARALLEL OPERATION OF ALTERNATORS 
14.8.1. Necessity 

Alternators may be put in parallel because of the following reasons : 

1. Local or regional power use may exceed the power of a single available generator. 

2. Parallel alternators allow one or more units to be shut down for scheduled or emergency 
maintenance while the load is being supplied with power. 
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3. Generators are inefficient at part toady so shutting down one or more generators allows the ' 
remaining load to be carried with less machines that are efficiently loaded. 

4. Load growth can be handled by added machines without disturbing the original installation. 

5. Available machine prime movers and generators can be matched for economic first cost and 
flexible use. 

14.8.2. Requirements for Paralleling 

The requirements for parallelinginclude the requirements for D.C. machines plus a few others. 

1. The voltages must be the same at the paralleling point or junction even though not the same 
at the alternators. 

2. The phase sequence for three phase (or any multiple phase) must be the same at the 

paralleling point. 

3. The incoming machine must be in phase at the moment of paralleling. It will stay in phase 
under normal conditions after paralleling. It is important to recognize that phase sequence and in 
phase are not the same thing . 

4. The line frequencies must be identical at the paralleling point. In the vast majority of cases, 
this means the same frequency at the generator because frequency changing is not economic. Mixed 
frequencies must be paralleled through some frequency conversion means for compatibility at the 
point of interconnection, 

5. The primemovers m ust have relatively similar and drooping speed-load characteristics. This 
is to prevent a machine with a rising speed load characteristic from taking more and more of the load 
until it fails from overload. 

Violation of these requirements for paralleling would result in circulating currents between the 
machines varying from uneconomic, to serious, to disastrous . 

14.8.3. Alternator Synchronising Procedure 

It may logically be assumed that one alternator is placed in parallel with one or more other 
alternators only when additional load requires it. Those alternators already carrying load are known 
as the running machines , while that which is to be placed in the system is known as the incoming 
machine. At the time of synchronizing, the following concisions must be met. 

1. The effective voltage of the incoming alternator must be exactly equal to that of the others, 
or of the bus-bars connecting them. 

2. The phase rotation, or sequence of the running and incoming alternators, must be the same. 

3. The individual phase voltages which are to be connected to each other must be in exact 
phase opposition. This is the same as saying that D.C. generators must be connected + to + and 
- to -. 

4. The frequencies should be the same, although it is more desirable that the frequencies at 
the instant of paralleling be almost, but not quite, identical. 

14.9. DISTRIBUTION OF LOAD 

Under this heading we deal with the following : 

(i) Effect of change in driving torque. 

iii) Effect of change in excitation. 

It may be shown that: 

(i) Amount of load taken up by an alternator running in parallel with other machines is solely 
. determined by its driving torque , i.e., by the power input to its primemover. 
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14.10. TWO-REACTANCE CONCEPT FOR SALIENT POLE SYNCHRONOUS 
MACHINES 


14.10.1. General Aspects 

• In case of a multi-polar machine having cylindrical rotor, the air gap is uniform and 
as a consequence its reactance remains the same, irrespective of the position occupied 
by the rotor. Thus the effect of armature reaction, fluxes and voltage induced can be 
treated in a single way with the concept of a synchronous reactance and taking it as 
constant for all positions of field poles w.r.t. the armature. 

• Refer Fig. 14.6. In case of salient pole 
machine, the reluctance of the magnetic 
path on which the e.m.f. acts is different 
along the “direct axis”and “quadrature axis ”. 

— The reluctance of the direct axis magnetic 
circuit is due to yoke and teeth of the stator , 
air gap pole and core of the rotor. 

— The reluctance , in quadrature axis, is 
mainly due to large air-gap in the 
interpolar space. 

• When there is a phase diference between 
armature and excitation voltage (some angle 
between 0° and 90°), the armature m.m.f. will 
have a direct acting as well as a quadrature 
component. 

— The direct-acting component’ is proportional to the sine of the phase angle between 
the armature current and excitation voltage. 

— The quadrature (or cross) component is proportional to the cosine of the angle , between 
the armature current and excitation voltage. 

• The two-reactance concept for salient pole machines replaces the effect of armature 
reaction by two fictitious voltages; these reactance voltages are respectively, i^X^ and 
IqX , where I d and I are the components of the armature current along direct and 
quadrature axes respectively. 

The synchronous reactance for each component of the armature m.m.f. is as follows : 

Direct axis synchronous reactance, X d - X^ + X L 

Quadrature axis synchronous reactance, X q = X + X L 

where X L = The armature leakage reactance, caused oy armature leakage flux (same value 
for each of the components of the armature current). 

The values of X d and X q are determined by applying a balanced reduced external voltage , 
say t V volts , to an unexcited machine at a speed a little less than the synchronous speed , (the slip 
being less than 1%). Applied voltage to the armature, armature current and the voltage induced 
in the field winding are measured by the oscillographs . For oscilograph record : 


, Direct 
or d-axis 



x d 


maximum voltage . y _ minimum voltage 
min imum current Q maximum current 


14.10.2. Construction of Two-reaction Diagram from Test Data 


After finding the values ofX d andX the two reaction may be constructed as follows : Refer 
Fig. 14.7. 
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Fig. 14.7 



From the load specified, draw'the voltage phasor and current phasors at the load power 

FromtWtremity of the voltage phasor draw a line parallel to current phasor O/and 

From Extremity of the phasor lR a draw a line perpendicular to current phasor 01 
and equal to IX . Then draw a line from the origin O, passing through the extremity ot 
IX Dhasor; this 9 line gives the direction of excitation voltage E 0 . 

After knowing the direction of£ 0 determine the values oiI d and I q Thereafter, determine 
the value of E 0 by adding vectorially I^ d and 1& to the extremity of resistive drop 

It^ay benoted that the triangle involving the voltages IX and 1X q is similar to »the 
triangle of the currents. Therefore, the left hand portion of the phase lJC d must be equal 

, Pr& the perpendicular drawn from the extremity of the phaaor *» 
that its length equals (IX, - IX a ) and obtain the phasor E 0 (which is normally obtained 
from the synchronous impedance method). In Fig. 14.8 the extremity of E is shown on 
the line perpendicular to I& and it is slightly greater than J,, m^ing the regulation 
as obtained by the synchronous impedance method greater than that obtained by the 
two reaction method. The difference depends upon the saliency (ratio of pole pitch to pole 
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arc) and increases with the increase in the value ofsaliency . The major difference between 
the two methods is the magnitude of the torque angle , which is much larger when 
determined from the synchronous impedance phasors than when found from the two 
reaction diagram. 

• The angle 0 between E 0 and U is called the ‘internal power factor angle } while a, the 
angle between E () and V is called the ‘load or power angle’. 

• Fig. 14.8 shows the phasor diagram redrawn, with E Q drawn in horizontal direction. 

Here, I d =1 sin Q;I q =1=1 cosG 


From AOZ)C, 


n CD DA + AC 
tan “ OD~ OF + FD 


V sin<j> + IX q 

V cos(j) + ZR a 


....(14.7) ( Generating) 


V sin <|> + IX q 

V cos<|> + ZR a 


....(14.8) (Motoring) 


The angle 0 can be found out from the above equations. 

Load angle a = 6 - <|> (Generating) 

= <j)-6 ( Motoring) 

Angle (j) is taken + ve and -ve for lagging and leading power factors respectively. 



Fig . 14.9 

Fig. 14.9 shows the phasor diagram when armature resistance is neglected. 

The load angle, a = 0 - <|) for generating; a = (<|> - 0) for motoring. 
or 0 = <|>±oc General case ....(14.9) 

Direct axis component, l d =/sin0 = /sin (<j>±a) ...(14.10) 

Quadrature axis component, I q = /cos 0 = /cos (<)>±a) (14.11) 

V sina = l Q X q = I cos0.X g = IX g cos((J) ± a) = IX g (cos(j) cos a +sin 4>sina) 
or Vsina = IX g cos(() cosa+ IX g sin()) sin a 

or V = IXg cos(j) cota + IX^ sin(|) 

or IX g cost)) cota = V ± IX^ sin<|) 
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or tan<X V ±IX q sin(j) ...(14.12) 

(+ve and -ve signs correspond to synchronous generator and synchronous motor 
respectively.) 

When R a is neglected, we have 

Eq-V cos a ± laX^ 

When R a is considered, we have 

E 0 = V cosa + IR a cos0 + I d X d 
or E 0 cosa + 7^R a +I d X d 

and E 0 =V cosa -I q R a ~l d X d 

5.14.3. Power Developed by a Synchronous Generator 
Power developer pr/phase, P phase ~ power output (P oul ) per phase 

= V7 cos (j) (when R a or copper loss in negligible) 

From Fig, 14.9, we have 


IX cos<|> 


(General ing). ...(14.13) 
(Motoring). ..(14.14) 


Also, 


I q X q ~V sin a 
I d X d =E 0 ~V cosa 
I cos<(> = I d sina + I q cosa 
Pphase =VId sin a + VI q cosa 


Substituting the values of I d and I q from ( i ) and (u)> we get 


P - v 

x phase (dev.) v ' 


E h -V cosa ^ 


X„ 


sin a + V. 


J 


V sin a 
~X n 


-.cosa 


EqV ■ V 2 sinacosa , V 2 sina.cosa 
—^—sina-—-+- 


X d 


X d 


Xo 


:.(i) 

...(H) 


_ So^sina + V 2 

X d 

E () v 


''ll' 


yX q X d 


sina cosa 


J._1_ 

Xdj 

Total power developed by a 3-phase synchronous generator, 


. V 2 

sma +- 

X d 2 


\ 


sin 2a 


„ 3 E 0 V ■ , 3V 2 

Ptoial(dev .) = — -/ -sma + —- 


"jL_ 1_ 

^Xq X d 


sin 2a 


...(14.15) 


...(14.16) 


From the.above eqn. (14.15), it is observed that the above expression consists of the two 


terms : 


• First term represents power due to field excitation ; 

• Second terms gives the reluctance power ( i.e power due to saliency) 

— In case of a cylindrical rotor machine X d ~ X q and so the second term becomes 
zero and the power is given by the first term only. 

— In the absence of field excitation {i.e., E Q ) the first term becomes zero and the power 
is given by the second term. 

Note. In case of an alternator oc is positive, whereas in case of a motor it is negative. 
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14.12 ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

14.11. LOSSES AND EFFICIENCY 

Losses. The following losses occur in an alternator: 

1. Copper Losses. These losses occur in the armature winding and in the field coils. 

2. Core Loss. The core loss consists of eddy-current and hystersis loss in the pole faces, 
teeth, and stator core due to the flux resulting from the combined rotor and armature fields. 

3. Friction and Windage Loss. This loss is due to the bearing and brush friction and to 
the power required to circulate the cooling air. 

4. Load Loss. This is due to the armature leakage flux which causes eddy-currents and 
hystersis in the iron surrounding the armature conductors. If, however, effective resistance is 
used to calculate the armature copper loss, then these load losses are also included in the 
calculation. 

Efficiency. The efficiency of an alternator is calculated as follows: 

output kVA (p. f.) 

Alternator efficiency output + losses “ kVA(p.f.) + losses 

Maximum efficiency occurs at that load point where the constant losses (friction, windage, 
core loss and field copper loss) are equal to variable losses (armature copper and load loss). The 
maximum efficiency usually occurs at about 80% of full load. 

Determination of Losses. Losses may be determined by the following methods: 

Measurement of losses method. As in most electric machines, efficiency measurement 
of an alternator by direct loading is rather impractical. It may also be a physical impossibility 
to obtain the required load, and even if it could be obtained, the cost may be prohibitive. Also, 
the measurement of the mechanical power input is somewhat difficult, and any inaccuracy with 
measurement is reflected directly in the final efficiency calculation. Efficiency is therefore 
calculated by 'measurement of losses' method which entails the following advantages : 

(i) At any time, only part of the looses need be provided. Therefore the source of power 
required for testing has a capacity of less than 5% of the rating of the alternator. 

(ii) There is no need to put an electric load on the alternator. 

(Hi) Greater accuracy can be obtained since electrical instruments can be used for all 
measurements. 

(iv) An inaccuracy that occurs in the test is not directly reflected in the final efficiency 
calculation , since the error occurs on only a small portion of the name plate rating. 

Use of a calibrated D. C. motor to drive the alternator. A quite accurate and simple 
method of determining the losses is to use a calibrated D.C. motor to drive the alternator. The 
motor is calibrated in the sense that all its losses have been determined for varying conditions 
of operations so that its output is then readily obtained. 

This method involves the following procedural steps : 

Step 1. Drive the alternator at synchronous speed, but without field excitation. The D.C. 
motor output is the alternator input, and hence its friction and windage loss. 

Step 2. Repeat step 1, but this time with field excitation. The excitation should be that 
at which the alternator mormally operates. If this is unknown, then the open-circuit voltage is 
adjusted to be equal to the rated voltage plus the internal voltage drops as determined by one 
of the methods used to calculate voltage regulation. 

Th^ difference between the motor output of step 2 and that on step 1 is the core loss. 

Step 3. Short-circuit the armature and adjust the field current to obtain rated line current. 
The difference between this motor output and that of step 1 is the armature copper loss plus 
load loss. It is assumed that the flux density under short-circuit conditions is so low as to make 
the core loss negligible. Downloaded From : www.EasyEngineering.net 
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14.13 


Step 4. The field copper loss is measured by simple D.C. measurement. 

14.12. RATING OF ALTERNATORS 

The alternators are rated in k VA or kW at specified power factor . 


• Other name plate datas include : 

(i) Voltage; 

(iii) Frequency; 

(v) Number of phases; 

(i uii ) Maximum temperature rise. 

• The prime-movers which drive the alternators, have a rating independent of power 
factor. It depends on kW output. 


( ii ) Current; 

(; iv ) Speed; 

(vi) Field ampere and voltage; 


14.13. SYNCHRONISING CURRENT, POWER AND TORQUE 

Synchronising current: 

• When in exact synchronism, the two alternators have equal inducted e.m.fs. and are 
in exact phase opposition as shown in Fig. 14.10. 


— Ei 


Fig . 14.10 

• When the induced e.m.fs., of the two alternators are equal but not in exact phase 
opposition , as shown in Fig. 14.11, their resultant e. m. f. acts round the local circuit 
and causes flow of current called the 'synchronising current \ 



Let (180° - a) = angular phase differnce between the two induced e.m.fs. E x and E 2 ; 
E = each of e.m.f. (phase e. m. f.) 

Resultant e.m.f., E r =2 E cos f j - 2 E cos |90 o -y j = 2£ sin y 


= 2E x 


a 


[.*. a is very small] 


= Ea 


Synchronising current, = 

Z 


E _ Ea 


lagging behind the resultant e.m.f. E r by 0, where 

Z Downloaded From : www.EasyEngineering.net 
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ELECTRICAL ENGINEER 


G (OBJECTIVE TYPE)! 


X 

0 = tan -1 —where Z is the combined impedance per phase of the two alternators or of one 

R 

alternator only if, it is connected to infinite bus bars. If resistance is very small as compared to 
synchronous reactance of the alternator, then 


Synchronising current, hy = ~rr~ lagging behind E r by 90°. 

A s 

Synchronising power : Refer Fig. 14.11. 

Power supplied of by machine No.l = E x I sy cos 


Power supplied by machine No.2 - E 2 I sy cos <t> 2 

Also, Power supplied by machine No. 1 = power supplied by machine No. 2 + coppoer losses 

or Eil sy cosfo = E 2 I sy cosfo + copper losses 

The power supplied by machine No. 1 is called synchronising power and is given by the 
expression 

P S y = Eilsy COS <h = EJsy 

Ect 

= = # and ^ is very small] 


aE 2 

Xs 


Total synchronising power for 3-phases 


= 3 P 

sy 


3 aE 2 

X s 


Synchronising Torque : 

If T sy is the synchronising torque in N-m, the total synchronising power, 


or 


3 P c 


sy 


sy 


T sy *2nN s 
60 

3 P S y *60 

27iiV s 


where N s is the synchronous speed in r. p. m. 

14.14. HUNTING OF ALTERNATORS 



...(14.17) 


...(14.18) 


... (14.19) 


• When two alternators are operating in parallel, any instantaneous reduction in the 
angular velocity of one machine causes : 

( i ) a change in load division between them ; and 
(i ii ) a circulating current . 

The circulating current acts as additional load on one machine and lightens the load on 
the other . This retards the former and permits the latter to accelerate until the two are once more 
in the proper relative phase positions where no circulating current flows if the excitations have 
been equal. The change to correct phase position cannot be accomplished without some 
‘ overshooting ’ on the part of the rotors, accompanied by a retardation, with a repetition of the 
entire cycle. That is, the alternators hunt, their actions being exactly equivalent to those of the 
synchronous motors under similar conditions. The period of the swing agrees with the nutural 
oscillating period of the rotor as a torsional pendulum. 

Downloaded From : www.EasyEngineering.net 









Downloaded From : www.EasyEngineering.net 


aL TERNATORS 14.15 

• The torque output will pulsate if the primemover of one of the alternators is a 
reciprocating engine. If this pulsation has a forced frequency within 20 per cent of that 
of the natural oscillating frequency of the alternator rotor, the oscillation following any 
load change will be cumulative and the machines may be thrown out of synchronism. 

• It is customary to specify, for alternators to be operated in parallel, the allowable 
torque-angle variation. 

• Machine driven by internal combustion engines must have large flywheels or heavy 
damping windings to prevent excessive oscillation. 


14,15. MAXIMUM POWER OUTPUT 

There is a maximum power output that the alternator is capable of delivering for given 
values of voltage, frequency and excitation. Full-load conditions for a cylindrical rotor (IR a drop 
neglected) is shown in Fig. 14.12. 


Power output/phase, 


From AOMN ’, we get 


r» t/t . VIX S COS(j) 
P =VI cos<{> —-^-- 

IX S E E 

sin0 sin(90+(j)) cos<J> 


... (0 


or 


From ( i ) and ( ii ), we get 


IX s cos<j> = E sin9 
p _ EV sin0 


... (ii) 


If V, E and X 8 are regarded as constant (of course E is fixed by excitation), power becomes 
maximum when 0 = 90°. 

p - EV 

max ... (14.20) 

From Fig. 14.12 ( b ), it is evident that under conditions for maximum power output, /leads 



Fig. 14.12. 
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Let us now consider A OLM (right angled) 

(IX s f =E 2 +V 2 or IX e = tJe 2 +V 2 

Power factor corresponding to maximum power output is 

E 


cos<f> = ■ 


Ve 2 +v 2 

The maximum power output/phase may also be expressed as: 

fmax«>S<t> 

E 


P =VI 

x max VM v 


or 


p = y 

x max v max 


Je^+v'' 


where / max represents the current/phase for maximum power output 


If 


Then, 


I f = full-load current 
% X g = percentage synchronous reactance 

- Lf - s x loo 


%X. =■ 


V 


V _ 7^X100 


E 


X s %X, 

N ° W > -P m ax 

From above equations, we have 

T 1001 * Je 2 +v 

(j\ I - -£-x- 

W max %Zg y 

Putting the value of % X s from above, we have 

1001 , 


_EV__EI L xlO 0 

JE 2 +V 2 X S %X s 


100 I f X e 


i-xVx 


V^ 2 +F 2 H 2 +V 2 


(ii) 


■■ (14,21) 


(14.22) 


10 - EI f - =—x-i^-xVJ, per phase 
%X S V %X S ’ 

E 100 

= — x-—x full-load power/phase at unity p. f. 

V %X K 


Total maximum power output of the alternator is 


= —x-~-x full-load output at unity p. f. 


WORKED EXAMPLES 

Example 14.1. A 4-pole, 50 Hz star-connected alternator has a flux per pole of 0.12 Wb. 
It has 4 slots per pole per phase, conductors per slot being 4. If the winding coil span is 150°, 
find the e.m.f. 
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Solution. Given : p = 4; f- 50 Hz; <f> = 0.12 Wb; q = 4 ; 

conductors per slot = 4; coil span = 150°. 

E.m.f. induced: 

Number of slots per pole, n = qx number of phases = 4 x 3 = 12 
Number of slots per phase = q'x number of poles = 4 x 4 = 16 
Number of conductors coneected in series per phase, 

Z ph = Number of conductors/slot x number of slots/phase 
= 4 x 16 = 64 

Number of turns per phase, T„ h = = — = 32 

p 2 2 


180° 180° 

Angular displacement between the slots, |3 =-= _ = 15° 


sm 


Distribution factor, k d -- 


sm I 


n 12 
4x15° 


q sin | ^ I 4xsin 


15 ^ 

2 


= 0.958 


Chording angle, 
.-. Pitch factor, 


a = 180° - coil span = 180° - 150° = 30° 


, a 

k D = cos—= cos 
p 2 


3(r 

2 


= 0.966 


E ph = 4.44 f <| )T ph k p k d volts 

= 4.44x50x0.12x32x0.966x0.958 V = 788.91 V 


E l =>feE ph =V3x788.91 = 1366.4V. (Ans.) 

Example 14.2. Calculate the r.m.s. value of the induced e.m.f. per phase of a 10-pole, 3- 
£, 50 Hz alternator with 2 slots per pole per phase and 4 conductors per slot in two layers. The 
coil span is 150°. The flux per pole has a fundamental component of 0.12 Wb and a 20% third 
harmonic component. 

Solution. Given :p - 10,/= 50 Hz \q = 2; number of conductors/slot = 4; coil span= 150°. 
Induced emffphase, E ph : 

Number of slots/pole, n = q x no. of phases = 2x3 = 6 
Number of slots/phase = q'x no. of poles = 2 x 10 = 20 
Number of conductor connected in series, Z ph = 20 x 4 = 80 

Number of series tums/phase, T ph = —&■ = — = 40 


180° 180° 

Angular displacement between adjacent slots, p =-=-= 30° 


Distribution factor, 


k, = 




sm | y | sm | - 


( 2x30° 


q sm 


Q . | 30° 
2 sin - 


: 0.966 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


180°-150° 


= 0.966 


Coil span/pitch factor, k „ = cos — = cos 

P U. 

Induced e.m.f. per phase {fundamental component ), 

Eph- i = 4 - 44 / $T ph k p k d volts 

= 4.44x60x0.12x40x0.966x0.966 = 994.4 V 
For third harmonic component of flux: 


Distribution factor, 


sin(Sf) .in(M) 

/y 3 — 7 —--~ -^ “ 


f 3 x(180°-150°) 

Coil span/pitch factor, kd 3 = cos I — I = —- 


0.707 


= 0.707 


(where n stands for /ith harmonic) 


Frequency 


= 3x/ =3x50 = 150 Hz 


Flux/pole, «() 3 =|x 0 . 12 x-^ = 0.008 Wb 

o 1U0 

Induced e.m.f. the phase {Third harmonic component ), 

&ph-3 = 4-44/ 3 § 3 T ph k p3 k ds VOltS 

= 4.44x150x0.008x40x0.707x0.707 = 106.53 V 
Induced e.m.f. per phase, E P h = f( E ph-1 t 

= ^(994.4) 2 + (106.53) 2 = 1000 V. (Ans.) 

Example 14.3. A 3300 V y 3-phase star-connected alternator has a full load current of 100 
A. On short-circuit a field current of 5 amperes was necessary to produce full-load current. The 
e.m.f on open-circuit for the same excitation was 900 volts. The armature resistance was 0.8 W/ 
phase. Determine, the full-load voltage regulation for : 

(i) 0.8p.f. lagging (ii) 0.8p.f.leading. 

Solution. Rated voltage (line) = 3300 V 

Rated voltage (phase) = = 1905 V 

& 

E.m.f. on open-circuit corresponding to a 5 A excitation = 900 V 
Short-circuit current for the same excitation = 100 A 
Synchronous impedance/phase, 


Resistance/phase, 
Full-load current, 


z 6 =*°° = q 
6 100 

R a = 0.8 Q 

/ = 100 A 
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alternators 

Synchronous reactance, X s = -\z 2 - R a 2 = ^9 2 -(0.8) 2 = 8.96 Q 



E 0 =J{y cos<t> + /J?o) 2 +(V sin(|) + 7X s ) 2 

= ^(1905x0.8 + 100x 0.8) 2 +(1905x0.6 + 100x8.96) 2 
= ^/(1604) 2 + (2039) 2 = 2594.3 V . 

Percentage regulation = ^9 — — = ^ 594 ' 3 ~ 1905 x 100 = 36.18%. (Ans 

V 1905 v 

(ii) At 0.8 p.f. leading. Refer Fig. 14.14. 



E 0 = J(y cost))+ /i? a ) 2 + (V sin<j)-IX’ s )* 

= y(1905x 0.8 + 100x 0.8) 2 +(1905x0.6-100x8.96) 2 


■*(160 ^ ^ ^ DownloadedFrom : www.EasyEngineering.net 






























Downloaded From : www.EasyEngineering.net 


14.20 
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% Regulation 


E o-V 1622.9 -1905 

—---x 100 =-— 


xlOO = -14.8%. (Ans.) 


V 1905 

Example 14.4. (a) Develop the terms generally used for reducing harmonic voltages from 
the induced e.m.f. 

(b) A 3-phase, 50 Hz, 6000 kVA, 6000 Vstar-connected alternator has an effective resistance 
of 0.2 Q. A field current of 10 A produces 480 V on open circuit and a field current of 5 A gives 
armature current of 105 A. 

Calculate the voltage regulation of this alternator at 0.8 power factor lagging. 

Solution, (a) For reducing the harmonics from the induced e.m.f. the winding is to be 
designed properly. The different methods of reducing harmonics are : 

1. Distribution. The magnitude of harmonic e.m.fs. depends upon their distribution 
factors. The distribution factor is small for higher order harmonics. 

( 7106 ^ 

2 . Chording. The e.m.f. generated is proportional to cos I — l where a is the angle of 

chording and n is the order of harmonic. The harmonic e.m.f. can therefore be considerably 
reduced by choosing a proper value of a. 

3. Skewing. The slot harmonics can be eliminated by skewing the pole face. 

4. Fractional slot winding. The harmonic e.m.fs. can be considerably reduced by using 
fractional slot windings on account of the fact that these windings give a much smaller 
distribution factor. 

5. Large length of air gap. By using large air gap length, the reluctance is increased 
and therefore the magnitude of slot harmonics is reduced. 

(i b ) Given : Rating : 6000 kVA, 6000 V; R a = 0.2 Q; cos4> = 0.8 


Full-load current, 


I _ 6000x1000 _ 5 77 g 5 A 


73x6000 

As the O.C. voltage of 480 V appears at a field current of 10 A, hence the field current of 
10 A under S.C. test will give an armature current of 105 x 2 = 210 A. 

6000 


Phase voltage 


s 


= 3464 V 


c , , „ O.C. voltage /phase (480 

Synchronous impedance, Z c =--—--= --- 

S. C. current / phase 210 


= 1.32 Q 


Now, 


X s =^Z S 2 -R a 2 = Vl.32 2 - 0.2 2 =1.305 0 
E 0 = cos 4 Trn^f +(y sin <t» + iX s ) 2 


(3464 x 0.8 + 577.35 x 0.2) 2 + (3464 x 0.6 + 577.35 x 1 . 305) 2 


Percentage regulation = 


= ^(2886.67) 2 +(2831.84) 2 = 4043.8 V 
4043.8-3464 


3464 


-xlOO = 16.74%. (Ans.) 


Downloaded From : www.EasyEngineering.net 
















Downloaded From : www.EasyEngineering.net 


/oJ'ERNATORi; 


14.2 


Example 14.5. A 1500 kVA, 6600-V, 3-phase star-connected alternator with a resistance 
of 0.4 ohm and reactance of 6 ohms per phase , delivers full-load current at power factor 0.8 
lagging, and normal rated voltage. Estimate the terminal voltage for the same excitation and 
load current at 0.8 power factor leading. 

Solution. Given : Rating : 1500 kVA, 6600 V; R a - 0.4 Q/phase; X 8 = 6 Q/phase; 
cos <(> = 0.8. 


or 

or 

or 


Terminal voltage, V: 

F. L. output current 

IR a drop 
IR a drop 
IX a drop 

Terminal voltage/phase 


.. Generated e.m.f., 


1500x10 s 


V3x 6600x0.8 
= 164x0.4 = 65.6 V 
= 164x0.4 = 65.6 V 
= 164x6 = 984 V 
6600 


= 164 A 




= 3810 V. 


<(> = cos(0.8) = 36.87°, sin<t> = 0.6 


cos * + / a i? a ) 2 +(V sin* +/ a X 8 ) 2 
= -y/(3810X o. 8 + 65. 6) 2 + (3810X o. 6 + 984) 2 


(p.f. lagging) 


4 


3113.6) 2 +(3270) 2 = 4515 V. 


Now for the same excitation and load current at 0.8 p.f. leading , the voltage equation is 
E = yfrv cos* + I a R a f + (V Sind. ~I a X, f 

4515 = + 65.6) 2 + (V x 0.6 - 984) 2 

4515 = Vo. 64V 2 +4303.4+104.96V + 0.36V 2 +968256-1180.8V 
5415 = W 2 -1075.84V +972559 
V 2 -1075.8'4 V + 972559 = 20385225 
V 2 -1075.84 V -19412666 = 0 


1075.84±-J(l075.84) 2 +4x19412666 1075.84 + 8877 


2 2 

V = 4976.4 volts. (Ans.) 

Example 14.6. A 3-phase star-connected synchronous generator is rated at 1.5 MVA, 11 
kV. The armature effective resistance and synchronous reactance are 1.2 Q and 25 Q respectively 
per phase . Calculate the percentage regulation for a load of 1.4375 MVA at (i) 0.8 p.f lagging 
and (ii) 0.8 p.f. leading. 

Also find out the power factor at which the regulation becomes zero. (U.P.S.C., 1992) 

Percentage regulation: 


Phase voltage, 


E P h ~ 


E l 11x1000 

V3 V3 


= 6351 V 


1 4375X10 6 Downloaded From : www.EasyEngineering.net 
1 = ‘ -= 75.45 A 


Load current, 
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(i) When power factor is 0.8 lagging: 

Open-circuit voltage/phase, E 0 = ^(V cos<t> + IR a f + (V sin4) + IX F ) 2 


= y/(635 lx 0.8 + 75.45x 1.2) 2 + (635 lx 0.6 + 75.45x 25) a 

= V26742757 +3254099.9 = 7694 V 


E n ~V 7694 — 6351 ... .. ,. 

xlOO =-—-xlOO = 21.15%. (Ans.) 


*o 


Percentage regulation 

V 6351 

(; ii,) When power factor is 0.8 leading: 

Open-circuit voltage/phase, E 0 = -y/fV" cos4> + IR a f + (V sin<t> - IX „. ) 2 


Percentage regulation 


= y/(6351x0.8+ 75.45xl. 2) 2 +(6351x0.6-75.45x 25) 2 

= V26742757 +3703123 = 5518 V 

- xl0Q = — 1 - 1^ 351 x10Q = 13.12%. (Ans.) 


V ~~~ 6351 

Power factor at which the regulation becomes zero : 
In the phasor diagrom shown in Fig. 14.15 
Z.OAC = 180 - [(90 - a) + <|>] = 90 + a - <(> = [9D - (<|> - a)] 

4) = cos’ 1 (0.8) = 36.87 
IR ' 


a = tan 


-l 




= tan 


V. 25 


: 2.7 5° 


or 


OC =E 0 ,OA=V 

ac = Jab* +bc 2 = A /(/7? a ) 2 +(ix 8 ) 2 ~ 

= 75.45xl. 2) 2 + (75.45x 25) 2 

= 1888.4 V 

iw, OC 2 = OA 2 + AC 2 - 2*OAx AC. cos [90 

OC 2 = OA 2 + AC 2 -2xOAxAC x sin (<j>-a) 
AC 2 



or sin(<|>-a) = 


2xOAx AC 
AC 

' 2xOA 
1888.4 


2x6351 


= 0.1487 


(For zero regulation, E 0 = V or OC - OA) 

(VOA = 6351V) 


or 


» -a = sin' 1 (0.1487) =8.55° 

i = 8.55 + a = 8.55 + 2.75 = 11.3° 
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.-. Power factor, cos<J> = cos(ll.3°) = 0.981 (leading). (Ans.) 

Example 14.7. A 6600 Valternator gave the following test results: 

O. C. voltage, V 3100 4900 6600 7500 8300 

Field current, A 16 25 37.5 50 70 

Afield current of 22 A is found necessary to circulate full-load current on short-circuit of 
the armature. Calculate the full-load regulation at 0.8 power factor lagging by: 

(: i ) The ampere-turn method. 

(ii) The synchronous impedance method. 

Comment on the two values of regulation obtained by the above methods. 

(Madras University, Nov. 1998) 

Solution, (i) Ampere turn Method : 

Draw the O.C.C. (Fig. 14.18) from the data given. 

From open circuit curve the field current required to give normal voltage of 6600 V = 37.5 
A (i.e.. If). 
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To find the field current required to give a terminal potential difference of 6600 V on full¬ 
load the field excitation of 22 A must be added vectorially with the normal value of 37.5 A as follows : 
Graphical method (Fig. 14.17): 



(i) Draw OL (or T- 37.5 A (According to some suitable scale). 

(ii) Draw LM (or Ff ) = 22 A at an angle of (90 + §) 

or (90 + 36° 52') = 126°52' [v cos<j> = 0.8 or (j> = cos -1 0.8 = 36°52’] 

(Hi) Measure OM and multiply with scale. 

Then OM (or I f ) = 53.67 A 

Analytical method : 

7/ = ^/^) + ^7/ j -2FIf x cos(90 -1- 4>) 

= ^(37.5f +(22 f - 2x37.5x22Xcos (l26°52’) 

= ^1406.25 +484-1650x(-0.6) = ^2880.25 =53.67 A 
FromO. C. C., corresponding to a field current of 53.67 A the generated e.m.f., E 0 = 7700 V. 

% Regulation = gp T f V * 100 = 770 ^~^ 60 ° x 100 = 16.67%. (Ans.) 

V 6600 

(Hi) Synchronous Impedance Method : 

Let the voltage of 6600 V be taken as 100%. 

Let the excitation of 37.5 A be required to give 6600 V on open-circuit = 100%. 

Full-load or 100% armature current is produced on short-circuit by field current of 22 
A. If 100%, i.e ., 37.5 A of field current were applied on short-circuit, then short-circuit current 
would be, 

37 5 

100x—— = 170.45% 

22 

^ ^ open-circuit voltage 

Percentage impedance, Z s =-for given excitation 

short - circuit current 

= 100 = 58.67%. 

170.45 
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Since armature resistance is negligible, therefore, impedance drop IZ s = 58.67% of the 
normal voltage will lead the load current by 90°. 

Hence, the open curcuit voltage, E 0 (Fig. 14.18) which is the vector sum of normal voltage 
and impedance drop in given by : 



Fig. 14.18 

E 0 = fv* + (IZ S f - 2xV x IZ S cos (90° +$) 

= A /(100) 2 +(58.67) 2 - 2 x 100 x 58.67 x cos( 90° +36° 52') 

= V10000 + 3442.2 + 7040.4 = 143.1% 

% Regulation = X 100 = 143 - 1 ~ - 10 -xl00 = 43.1%. (Ans.) 

V 100 v ’ 

Comments on the two values of regulation. It is found that the two values of the 
regulation calculated above differ widely from each other. The first method gives a little lower 
value as compared to the actual value while the other gives somewhat higher value. However, 
the first value is more likely to be nearer to the actual value because the second method employs 
synchronous impedance Z s which is not constant but depends upon field excitation. 

Example 14.8. A 2200 V, 50 Hz, 3-phase, star-connected alternator has an effective 
resistance of 0.5 Ft per phase. A field current of 30 A produced the full-load current of 200 A on 
short-circuit and a line-to-line e.m.f. of 1100 Von open-circuit. Determine : 

(i) The power angle of the alternator when it delivers full-load at 0.8 p.f. (lag). 

( ii ) The SCR of the alternator. 

Solution. Given : V = 2200 volts, R a (= Rf) = 0.5 D/phase ; I f = 30 A; I - 200 A, 

Open circuit voltage (line) = 1100 V ; cos <j> = 0.8 

(i) Power angle of the alternator, a : 

Phase voltage, = = —OP = 1270 2 V 

V3 S 

Synchronous impedance per phase, 


_ open-circuit phase voltage ' ' . x 

Z s = - (tor the same excitation) 

short - circuit current per phase 


110073 

200 


= 3.175 Q 
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Synchronous reactance per phase, 

X s = fzf 2 - R 0 2 = -y/3.175 2 - 0.5 2 = 3.136 Q 
Open-circuit voltage per phase, 


Eq = *J(V cos 4>+IRaf + (V sin <|>+ IX s f 

= ^(1270.2x0.8 + 200x 0.5) 2 + (1270.2x0.6 + 200x3.136) 2 

= ^(1116.16) 2 +(1389.32) 2 = 1782 V 

Power output per phase = V ph I ph cos <J> = 200x 0.8 = 203227 W 

f 1 V 3 

Power developed per phase due to field excitation, neglecting losses , 

^p/wwe(dei;.) = sin(X 


or 


or 


203227 = 


1782x1270.2 

3.136 


xsina 


203227x3.136 

1782x1270.2 


= 0.2816 


Power angle a = sin 1 (0.2816) = 16.36°. (Ans.) 

( [ii ) SCR of the alternator : 

Short-circuit ratio (SCR) of a synchronous machine is defined as the ratio of field 
current to produce rated voltage open-circuit to field current required to circulate rated current 
on short-circuit while the machine is mechanically driven at synchronous speed. 


SCR = 


_ 1 _ 

_Per unit voltage on open circuit_ 

Corresponding per unit current on short circuit 




SCR = — 1 — = 0.319. (Ans.) 

3.136 

The SCR is reciprocal of per unit synchronous reactance X s . The value ofX s depends upon 
saturated conditions of the machine but SCR is specific and defined at rated voltage. 

Example 14.9. A 10 kVA , 380 V, 50 Hz , 3-phase , star-connected salient pole alterator has 
direct axis and quadrature axis reactances of 12 Q and 8 Q respectively. The armature has a 
resistance of 1 Q per phase. The generator delivers rated load at 0.8 power factor lagging with 
the terminal voltage being maintained at rated value. If the load angle is 16.15 ° determine : 

( i) The direct axis and quadrature axis components of armature current . 

(ii) Excitation voltage of the generator. (GATE, 1993) 

Solution. Given : Rating : 10 kVA, 380 V ; X d = 12 Q, X q == 8 Q, R a = 1 Q/phase, 

cos d> = 0.8 or 6 =£ 1 os' 1 (0.8W 1 36.87 o : a =16.1&° . 
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(0 I(P Iq : 



14.27 


o ou 

Terminal voltage per phase, - —r=" 


Armature current, 


Fig. 14.19. 

0 = ((, + a = 36.87°+16.15°= 53.02° 
380 

s 

10X1000 


I = - 


= 219.4 V 
= 15.2 A 


V3X380 

The phasor diagram is shown in Fig. 14.19. 

NoW( I d =/ sin0 = 15.2xsin(53.02°) = 12.14 A. (Ans.) 

I q = I cose = 15.2Xcos(53.02°) = 9.14 A. (Ans.) 

( ii ) Excitation voltage of generator, E 0 : 

E 0 =V cosa + I q R a + Id%d 

= 219.4X cos(16.15°) + 9.14x 1 + 12.14x 12 = 365.56 V / phase 

E 0 (line-to-line) = V3x 365.56 = 633.2 V. (Ans.) 

Example 14.10. A 3.5 MV A, slow speed, 3-phase synchronous generator rated at 6.6 kV 
has 32poles. Its direct and quadrature axes synchronous reactances as measured by the slip test 

are 9.6 O resistance, determine the regulation and 

to maintain 6.6 kV at the terminals when supplying a load of 2.5 MW at 0.8 pow 

(ii) What maximum power can generator supply at the rated terminal 

becomes open-circuited? ’ n . * 

Solution. Given : Rating = 3.5 MVA, V L = 6.6 kV, p = 32; X d - 0.6 Q,X q -6 O, 

Load = 2.5 MW, cos «(> = 0.8. 

(i) Excitation e.rnf. and percentage regulation : 

Terminal voltage per phase, = _ 6-6 x 10Q Q = 3810.5 V 
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Armature current, 
Load phase angle, 
We know that, 


I = 


2.5xl0 6 


= 273.37 A 


tana = 


73x6600x0.8 
<|> = cos -1 (0.8) = 36.87° , sin <(> = sin 36.87° = 0.6 
IX q cos<|> _ 273.37x6x0.8 


= 0.2737 


V + IX q sin<(> 3810.5 + 273.37x6x0.6 

or a = tan -1 (0.2737) = 15.3° 

.-. Angle 0 = <j> + a = 36.87°+15.3°= 52.17° 

Now, I d =/sin 0 = 273.37x s in(52.17°) = 215.92 A 

Excitation e.m.f. per phase, E 0 =V cosa + I d X d 

= 3810.5xcos(l5.3°) +215.92x0.96 = 5748.3 V 

Excitation voltage (line-to-line) = 73x5748.3 = 9956.3 V. (Ans.) 

9956.3-6600 


Percentage regulation 


6600 


-x 100 = 50.85%. 


(Ans.) 


(ii) Maximum power the generator can supply, with field open-circuited : 

The power developed will be maximum for sin 2a = 1 and so the maximum power, that 
the generator can supply at the rated terminal votage, per phase, with field open-circuited 


VjL 

2 


1 _ 

X n 


(6600) 2 


1 

. v-', '*< 

= 1361250 W or 1.361 MW. 




1 

9.6 


(Ans.) 


Example 14.11. A 10000 kVA, 3-phase , star-connected 11000 V, 2-pole turbo-generator 
has a synchronous impedance of (0.0145 + j 0.5) ohms per phase. The various losses in this 
generator are as follows : 

Open-circuit core loss at 11000V = 90kW; 

Windage and friction loss = 50 kW ; 

Short-circuit load loss at 525 A = 220 kW; 

Field winding resistance ~ 3 Q ; 

Field current = 175 A. 

Ignoring the change in field current, compute the efficiency at: 

(i) rated load, 0.8 power factor leading ; 

(ii) half rated load, 0.9 power factor lagging. (GATE, 1996) 


Solution. Phase current, 


, 10000x1000 A 

Inh =— f=-* 525 A 


ph 73x11000 


t 2 d / 175 j x 3 

Field copper loss = -I - L = 2 - l -= 9E875 kW 

/ 1000 1000 

Efficiency: 

(i) At full load, 0.8 power factor (load) : 

Output = 10000 x 0.8 = 8000 kW 

Total losses = 90 + 50 + 220 + 91.875 = 451.875 kW 
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Efficiency, 


T| = - 


output 


8000 


output + losses 8000 + 451.875 

(ii) At half load, 0.9 power factor (log) : 


= 0.9465 or 94.65% (Ans.) 


Output 


= —xl0000x0.9 = 4500 kW 
2 


fl ) 2 

Armature copper loss = I ~ I x 220 = 55 kW 


Total losses 


Efficiency 


= 90 + 50 + 55 + 91.875 = 286.875 kW 
4500 


n = - 


= 0.94 or 94% (Ans.) 


4500 + 286.875 

Example 14.12. AMVA, 10 kV, 1500r.p.m50 Hz alternator runs in parallel with other 
machines . its synchronous reactance is 25%. Find for (i) no-load , (ii) full-load , at p.f 0.8 lagging, 
synchronizing power per unit mechanical angle of phase displacement , and calculate the 
synchronizing torque if the mechanical displacement is 0.7. 

Solution. Phase voltage, E ph = = 5774 V 

v3 

Speed of the alternator, N = 1500 r. p. m. 


Frequency, 

Synchronous reactance, 
Full-load current 

Synchronous impedance, 

Also 


f = 50 Hz 
X c = 25% 


4xlQ 6 

V3x 10000 


- = 231 A 


Z. =• 


E 


ph 


5774 


full - load current 231 
X s =0.25 Z s = 0.25x25 = 6.25 Q 

Np 
120 

120/ 120x50 


= 25 0 


f =' 


P=- 


N 


1500 


• = 4 


.'. No. of pair of poles 


= —= —= 2 


a = l°x2 = 2°(elect.).= 2x—— = — rad. 

v } 180 90 . 


(0 At No-load: 

Synchronizing power (for 3-phases) 


3 Psy =* 


3o E 


ph =3x—x ^ 114 }—kW = 558.6 kW. (Ans.) 

90 6.25x1000 v ' 
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/. Synchronizing torque sy 


3P g x6O = 558 : 6xl000x6O = a 656 2 N . m 

27iiV 5 2 x ttxISOO 


T sy for 0.7°= 355.2x0.7 =2489.3 N-m. (Ans.) 
(i ii ) At full-load 0.8 lagging : 



• Draw OL = 5774 V, 36°52') ahead of current vector 07. 

• LM represents reactance drop IX 6 and is at right angles to OL 
Hence, OM is ahead of V'by an angle a. 

E 0 = $ cos<j>) 2 +(rsin<t> + JX s ) 2 
Now, cos<|> = 0.8 and sin <)» = 0.6 


X. = 6.25 n 


E 0 = ^(5774 x 0.8) 2 + (5774 x 0.6 + 231 x 6.25) 2 

= ^(4619.2) 2 +(4908.15) 2 « 6740 V 

, , ' v MQ IX.+V sin<|> 231x6.25 + 5774x0.6 , 

In AOMQ, tan(a + <!>) = ~qq = ^ =-= 10625 


or 


a +<|> = 46.7° or 46° 40’ 

a = 46° 40'-<|> = 46° 40’-36° 52’= 9° 48’ 


In Fig. 14.20 if E Q is further shifted through an angle of 2° (elect.) then an additional e.m.f., 
E = MN is created which produces a synchronizing current I sy . This current (shown by vector 
IS) lags behind E By by 90° as shown. 
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Obviously 


E sy = 2£osin - = 2^ 6740 sinl e = 235.26 V 


*y 


X e 6.25 


It can be shown from the diagram that E v leads E 0 by an angle I 90 + ^ I and 1^ is lagging 

i 

E by 90°, hence I is leading V by an angle (a + 1) = 9° 48' + 1° = 10° 48'. 

P ey I phase=V7 ey coslO 0 48' 

= 5774X 37.64 x 0.9823 W = 213.48 kW 
Total synchronizing power = 3 x 213.48 = 640.44 kW 

640.44x1000x60 


TWunit displacement 


2nxi500 


= 4077.2 N-m (Ans.) 


T sy for 0.7° displacement - 4077.2x 0.7 = 2854 N-m. (Ans.) 

Example 14.13. A number of alternators are working in parallel with their terminal 
voltage equal to the rated value. One of the machines, which has a synchronous reactance of 50% 
and a resistance of 1 %, delivers a power output in kW equal to 70% of its rated kVA. If the e. m.f. 
of this unit equals 1.2 times the terminal voltage, find out the power factor at which the machine 


is operating. 


(I.A.S.) 


77? IX 

Solution. Given : -=?- = 1% = 0.01 and —= 50% = 0.5;£=1.2V 


V 


Pover factor, cos <j): 


We know that, E' = -J(V cos<t> + IR a ) 2 + (V sin<t> + 7X S ) 2 
(where E and V are e.m.f. and terminal voltage per phase respectively) 


Squaring both sids, we get 


E 2 = (V cos<(> + IRaf + (V sin<t> + IX s f 


= V 2 


cos ^ + i^] + (sin(, + i^ 


Here 


I =0.7 I 

\2 


rated 

2 /_I ~ i-r\2 


1.44 = 


(1.2V) =V 2 (cos<|> + 0.01x0.7) +(sin<l) + 0.5x0.7) 

(cos 2 <j> + 0.007 2 + 2x 0.007x cos<j») + (sin 2 4> + 0.35 2 + 2 x 0.35sinc|>) 


or 


= 0.014cos(() + 0.7sin<(> +1.12255 
0.014cos<t> + 0.7sin(j> = 0.31745 


We know that, Acos<(. + B sin4. =^A 2 + B 2 ) sinf $ + tan 


-1 A 


Eqn. (£) can be written as 


^[(0.014) 2 + (0.7) 2 


sin< <(> + tan' 


-1 


0.014 


= 0.31745 
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or 

or 

or 


0.70014 sin(<j> +1.1477°) = 0.31745 
sin(4> +1.14577°) = 0.4534 

<j> +1.14577° = sin -1 (0.4534) = 26.962° 
<|> = 25.82° 


Power factor, cos 4 = cos (25.82°)= 0.9 (lagging). (Ans.) 

Example 14.14. Two 800 kW alternators operate in parallel. The speed regulation of one 
set is 100% to 103% from full-load to no-load and that of the other is 100% to 105%. How will the 
two alternators share a load of 1200 kWand at what load will one machine cease to supply any 
portion of the load? 

Solution. Rating of each alternator = 800 kW 
Speed regulation of machine 1 = 100% to 103% 

Speed regulation of machine 2 =100% to 104% 

Total load to be shared = 1200 kW 

Load shared by each machine : 

Load at which one machine will cease to supply any portion of the load: 

Fig 14.21 shows the speed-load characteristics for driving turbines of machines 1 and l. 

• NL represents the speed-load characteristic for turbine driving machine 1. 

• NM represents the speed-load characteristc for turbine driving machine 2. 

Since the machines are running in parallel, therefore, their frequency or speed must 
be same. 

• Let PQ be drawn through U so that total load supplied is 1200 kW. 



Downloaded From : www.EasyEngineering.net 














Downloaded From : www.EasyEngineering.net 


aL ternators 


Machine 1: 

Load supplied by machine, 1 = UP 
From As NPU and NLO, we get 


UP _ NU 
OL ~ NO 

P = — xOL = 3 ~ - °— x800 = — (3 -OU ) 
NO 103-100 3 v ' 

P =122(3-0(7) 


Machine 2 : 

Load supplied by machine 2 = UQ 
From As SUQ and SOM, we get 

UQ _ SU 
OM~ SO 


x800 


Since 


SO 104-100 

= -OU ) = 200 (4 -OU) 

Q =200 (4 -OU) 

UP + UQ = PQ, total load supplied 
= 1200 kW 


800 


(3 -OU ) + 200(4 -OU) = 1200 


2400 - 800017 + 2400 - 60017 = 3600 
400017 = 1200 


0 = 1 ^ = 0.857 
1400 


Load shared/supplied by machine 1 


... (0 


... (ii) 


= — (3-0.857) = 571.4 kW. (Ans.) 

3 

Load shared/supplied by machine 2 

= 200(4-0.857) = 628.6 kW. (Ans.) 

Machine 1 will cease to supply any load when the line PQ is shifted to point N. 

In this case only machine 2 will supply load equal to NT which is found as follows : 

From As SNT and SOM , we get 


NT _ SN 
OM " SO 

NT = —xOM = 800 = -x 800 = 200 kW. (Ans.) 

SO 104-100 4 v ; 

Example 14.15. A 12 MVA, 5000 V, 3-phase, 4-pole , 50-Hz alternator is connected to 
^finite bus-bars. The short-circuit is 4.0 time the normal full-load current arid the moment of 
^rtiaofthe rotating system is 22000 kg ml DetermMml°M 
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Solution. Rating of the alternator = 12 MVA 

Number of poles, p = 4 

Frequency, / = 50 Hz 

Short-circuit current, I sc = 4x full-load current (If ) 


Phase voltage, 


£ = ° = 2886.8 V 

S 


Moment of inertia of the rotating system, J = 22000 kg m 2 
Normal period of oscillation, T : 


Synchronous speed, 

F ull-load current, 

Short-circuit current, 

Normal time period. 


N s = 


I = 


120 f 120x50 
P ~ 4 

12xl0 6 


= 1500 r.p. m.= 25 r.p.s. 


■Jz x 5000 


= 1385.7 A 


I sc =4xl f =4x1385.7 = 5542.8 A 


= 9.1171, 


Elscf 


= 9.11X25 X - SSSi -,..192 s. (A»s.) 

1/2886.8x5542.8x50 ' ' 

Example 14.16. A 100 MVA synchronous generator operates on full-load at frequency of 
50 Hz. The load is suddenly reduced to 50 MW. Due to time lag in governor system the steam 
valve begins to close after 0.4 second. Determine the change in frequency that occurs in this time. 
Given H- 5 kW-s/kVA of generating capacity. (UPSC, 1995) 

Solution. Given : Generating capacity, G = 100 MVA = 100000 kVA; 

Intertia constant, H = 5 kW - s / kVA ; / = 50 Hz 
Frequency at the end of 0.4 s, f: 

Kinetic energy stored in rotating parts of the synchronous generator and prime-mover 
at synchronous speed of 50 Hz 

= IT x G = 5 * 100000 = 5 x 10 5 kWs 

Excess power input to the generator shaft before the steam valve begins to close = 50 MW 
Excess energy transferred to the rotating parts is 0.4 second 

= 50x1000x0.4 = 20000 kW-s 

Since kinetic energy stored is proportional to square of the speed, therefore, 


22000 


5xlQ 5 +0.2X1Q 5 
5x 10 5 


f fJ_ 

f 


= 50x 

Example 14.17. A 3-phase , 1 kV t 5 MVA, star-connected, alternator has ai synchronous 
impedance of (1 + jl2) Q per phase. Its excitation is such that the generated line e.m.f. is 12 kV. 
If the alternator is connected to infinite bnus bars, determine the maximum output at the given 
excitation. 

Solution. Generated line e.m.f. = 12 k6fcMnl8flJ^)lVrom : www.EasyEngineering.net 



5.2 

I- w 51 Hz. 

f 5 


(Ans.) 


i 9nnn 












Downloaded From : www.EasyEngineering.net 


ALTERNATORS 


14.35 


Synchronous impedance, Z s - (l + j 12) Q 

Maximum output: 

EV 

We know that, P max / phase = —— if R a is neglected 

X s 

V 


= ——(2£ -V cosa) if R a is considered 


Now, 

Terminal voltage/phase, 


E = 6928 V 
11000 


V3 


= 6351V 


cosa = ■ 


R„ 


a/ 1 + ( 12 f 


= 0.083 


V 


/ phase = —(£ ~ V cosct ) 


Total 


= , 6351 (6928 - 6351x0.083) 

VI+ (12 f 

= 527.4x®^ikW =3375.88 kW. (Ans.) 

1000 v ’ 


i^max = 3x3375.88 = 10127.64 kW. (Ans.) 

OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer : 


14.1. The speed of a 4-pole 60 Hz 
synchronous machine will be 

iet) 1800r.p.m. (b) 2400r.p.m. 

(c) 3000r.p.m. ( d) 3600r.p.m. 

14.2. The speed of a p-pole synchronous 
machine in r.p.m. is given by 

120 p 

wr— (b) — 


(c) 


Vl20 ]p 


{d) 120 fp 


14.3. What is the largest size of alternator 
being manufactured in India ? 

^ 500 MW (b) 250 MW 

(c) 210 MW (d) 110 MW 

14.4. Which of the following organisations is 
engaged in the manufacture of large size 
alternators for power plants in India ? 

(а) Department of Science and 
Technology 

(б) Electricity Authority of India 

(c) National Thermal Power 
Corporation Ltd. 


Bharat Heavy-Electricals Ltd. 

14.5. An exciter is a nothing but a 

(a) 10° (b) 30° 

J& 60° id) 90° 

14.6. Hydrogen is used in large alternators 
mainly to 

(a) reduce distortion of waveform 
cool the machine 

(c) strengthen the magnetic field 

(d) reduce eddy current losses 

14.7. An alternator coupled to which 
primemover will usually have the 
highest rotating speed ? 

(a) Steam engine 

(b ) Reciprocating diesel engine 

(c) Francis turbine 
Steam turbine 

14.8. In an alternator the voltage generated 
per phase is proportional to 

(a) number of turns in coil 

(b) flux per pole 

(c) frequency of waveform 
\{d) all of the above 
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14.9. Salient pole type alternators are 
generally used on 

(a) low voltage alternators 

(b) hydrogen cooled primemovers 

(c) high speed primemovers 

WHow. and medium speed prime- 
movers 

14.10. Turbo-alternators are generally used 
to run at 

(a) 1500 r.p.m. J&) 3000 r.p.m. 

((■) 5000 r.p.m. (d) 15000 r.p.m. 

14.11. The rotor preferred for alternators ap¬ 
plied to hydraulic turbines are 

i&) salient pole type 

(b) cylindrical rotor type 
(r) solid rotor type 

W) any of the above 

14.12. The frequency of voltage generated in 
large alternators is 

ip) 50 Hz (6) 60 Hz 

(c) in kilo cycles (d) in mega cycles 

14.13. Which of the following primemover is 
least efficient ? 

(a) Gas turbine ( b ) Petrol engine 
(e) Diesel engine (JESteam engine 

14.14. In which coil the harmonic component 
of the generated e.m.f. will be more ? 

JM Full pitch coil (6) Short pitch coil 
(o) Long pitch coil 

(d) Same in all coils 

14.15. In case of turbo-alternators the rotor is 
usually made of 

(a) cast iron 
'-f#) forged steel 

(e) laminated stainless steel 
id) manganese steel 

14.16 The number of poles in turbo-alter- 
natqrS is usually 
d«f) 2 (6)4 

(<:) 12 (d) 50 

14.17. In huge alternators, the moving part is 

(a) brushes US) poles 

(c) armature 

id) none of the above 

14.18. In power generating stations (Thermal 
stations), the usual number of poles 
employed in alternators are 

(a) twenty four ( b ) thirty two 

(r) forty eight none of these 


ELECTRICAL ENGINEERING (OBJECTIVE TYp E) p 

14.19. Harmonic component of generated e.m.f, -fl 

will be more in ;j 

(a) short pitch coil 

full -pitch coil 

(c) long-pitch coil 

(d) none of above coils 

14.20. When a three-phase alternator supplies 
capacitive ioad, armature reaction flux 
will be 

(a) opposing the main magnetic field 
db) helping the main magnetic field 1 

(c) either (a) or (6) 

(d) none of the above 

14.21. What kind of rotor is most suitable for 
turbo-alternators which are designed 
to run at high speed ? 

(a) Salient pole type 
Non-Client pole type 

(e) Either (a) or ( b) 

(d) None of the above 

14.22. Modern 3-phase alternator of a central 
power station will have generated volt¬ 
age of 

(a) 132 kV At^llkV 

(c) 400 V (d) 230 V 

14.23. The speed of a salient pole machine is 
nearly 

Jjsh) 500 r.p.m. ( b) 1000 r.p.m. 

(c) 1500 r.p.m. (d.) 3000 r.p.m. 

14.24. Where the terminal voltage of an alter¬ 
nator falls on throwing of the load, it 
indicates that the load is purely 

(a) resistive (b) capacitive 1 

ip) inductive | 

(d) none of the above 

14.25. Alternators are usually designed to 
generate 

(a) definite currents 

(b) definite power factor 

(c) variable frequencies 
id) definite frequencies 

14.26. In case of a uniformly distributed wind¬ 

ing, the value of distribution factor is 

(a) 0.65 (b) 0.76 

{e) 0.85 idb 0.995 

14.27. Unbalanced three-phase stator currents 
cause 

(r/) vibrations (b) heating of rotor 
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i p 

(c) double frequency currents in the 
rotor 

idf 'all of the above 

14.28. Which of the following is not integral 
part of synchronous generator system ? 

(а) Excitation system 

(б) Protection system 
(c) Prime mover 
^e^FDistribution system 

14.29. Which of the following is a prime 
mover ? 

iefi Steam turbine ( b ) Solar energy 
(c) Electric heater 
id) None of the above 

14.30. In a large generator, dampers 

(a) reduce frequency fluctuations 

( b ) reduce voltage fluctuations 
dhHncrease stability 

{d) none of the above 

14.31. Fleming's left hand rule may be applied 
to an electric generator to find out 
direction of 

(a) magnetic field ‘^Tinduced e.m.f. 

(c) rotor rotation 

id) none of the above 

14.32. In an alternator, the armature reaction 
will be completely magnetizing in case 
the load power factor is 

(a) zero lagging ^(bhzero leading 

(c) 0.866 (d) unity 

14.33. The dark and bright lamp method is 
used for 

(a) transfer of load 
{synchronizing 

(c) balancing of load 

(d) phase sequence 

14.34. In a synchronous machine, all of the 
following losses are fixed except 

(a) core loss 4bj copper loss 

(c) bearing friction loss 

id) windage loss 

14.35. In a star connected armature winaing 
^i^phase voltage contains 3rd har¬ 
monic e.m.f. but live voltage does 
not contain it 

( b) phase voltage contains 3rd har¬ 
monic e.m.f. as live voltage also con¬ 
tains third harmonic component 
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(c) phase voltage does not contain third 
harmonic e.m.f. as line voltage also 
does not contain it 
(< d ) none of the above 

14.36. WTien the speed of an altenator in¬ 
creases 

(a) the frequency decrease 
<Wthe frequency increases 

(c) the frequency remains same 

(d) the frequency changes 

14.37. The slip rings employed in a 3-phase 
alternator in hydro-station are insu¬ 
lated for 

ifo^low voltage ( b ) very low voltage 

(c) full armature voltage 

(d) extra high tension voltage 

14.38. An alternator is capable of delivering 
power at a particular efficiency. The 
frequency can be increased by 

(a) reversing the armature rotation 

(b) reversing the field polarity 

(c) increasing the current supplied to 
the field electromagnets 

ifeftTncreasing the armature speed 

14.39. In alternators the standard practice, 
now a days is to have 

4etd~r otating field 
(6) rotating armature 

(c) either of the above 

(d) none of the above 

14.40. In an alternator, for a coil having a 
span of 2/3 of pole pitch, the coil span- 
factor will be 

^0.866 (b) 0.707 

(c) 0.6 {d) 0.2 

14.41. Excessive windage loss and noise occur 
with 

(a) cylindrical rotors 
4&Tsalient pole rotors 
(c) either of the above 
(< d) none of the above 

14.42. Regulation of an alternator supplying 
leading load is 

(a) always negative 

(b) always positive 

sometimes positive and sometimes 
negative depending upon load and 
power factor 
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14.43. An infinite bus bar has 

constant frequency and constant 
voltage 

(b) constant frequency and variable 
voltage 

(c) variable frequency and variable 
voltage 

(d) infinite frequency and infinite volt¬ 
age. 

14.44. Which harmonic will be totally elimi¬ 
nated in an alternator by using a frac¬ 
tional pitch of 4/5 ? 

(a) Third Jtf) Fifth 

(c) Seventh ( d ) Ninth 

14.45. Dirtraccumulation^itts-generators can 
cause all of the following exeept 

ietf low power factor 

(b) poor voltage regulation 

(c) flashovers 

(d) overheating 

14.46. If an alternator is operating at leading 
power factor, then it can be concluded 
that 

(a) the alternator is under-excited 
the alternator is over-excited 

(c) the torque angle of the alternator 
has negative value 

(d) the residual magnetism of the poles 
is zero 

14.47. Which fractional pitch will eliminate 
the seventh harmonic from the voltage 
waveform of an alternator ? 

6/7 (6) 7/8 

(c) 5/6 

(d) None of the above 

14.48. Damper winding on alternator results 
in all of the following except 

'trff increases instability of machine 

(b) elimination of harmonic effects 

(c) absorption of energy of oscillations 
when operating in parallel with 
other alternators 

(d) suppression of spontaneous hunt¬ 
ing when supplying power to trans- 

/ mission line with high resistance to 
j reactance ratio 

14.49. In a cylindrical rotor how much portion 
of the rotor is wound ? 
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(a) One third ( 6 ) Half 

(eETwo third (d) Full 

14.50. The speed of an alternator is changed 

from 3000 r.p.m. to 1500 r.p.m. The 
generated e.m.f./phase will become 

(a) one fourth <&)"half 

(c) double (d) unchanged 

14.51. Zero power factor method for an alter¬ 
nator is generally used to determine 

(a) synchronous impedance of alter¬ 
nator 

(b) efficiency of alternator 
^Tvoltage regulation of the alternator 
((/) none of the above 

14.52. I n an alternator the armature reaction 
is mainly influenced by 

(entile power factor of the load 

(b) short-circuit ratio 

(c) speed of the alternator 

(d) total current drawn 

14.'3. Regulation of an alternator supplying 
resistive or inductive load is 
(a) always negative 
always positive 
(<?) either of the above 
(d) none of the above 

14.54. 4 p 0 i e 1500 r.p.m. alternator will 
generate e.m.f. at 

’ ' (a) 20 Hz (6) 40 Hz 

Jx^bOHz (d)60Hz 

14.55. To obtain sinusoidal flux distribution 
(a) chamfering of poles is done in turbo¬ 
alternators only 

(/^chamfering of poles is done in 
salient pole alternators only 

(c) either of the above 

(d) none of the above 

14.56. j n air-crafts, alternators have operat¬ 
ing frequency of 

(a) 800 Hz v£&)' 400 Hz 

((0 60 Hz (d) 50 Hz 

14.57. Alternators, now a days, are designed 
to have poor regulation because 

(a) it reduces the construction cost 
it limits the value of short circuit 
current 

(c) we employ automatic voltage regu¬ 
lators 

(d) none of the above 
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14.58. Voltage regulation of an alternator is 
usually 

(a) equal to that of power tra±.jformer 

(b) much lower than that of a power 
transformer 

(c^-much higher than that of a power 
transformer 

14.59. In an alternator, the stator frame 
serves 

(a) to verticate the armature 

(b) to hold the armature stampings 
(r) to protect the whole machine 

as a return path for the flux 

14.60. For a given output steam turbo-alter¬ 
nators are much smaller is size than 
water turbine-alternators because 

(a) steam turbo-alternators are built 
with smaller capacities 

(b) steam turbo-alternators have long 
rotors 

( l^ steam turbo-alternators run at high 
speed 

(d) all of the above 

14.61. Alternator of a central power station 
will have 

revolving field winding 
(/;) revolving armature winding 

(c) either of the above 

(d) none of the above 

14.62. Non-salient pole type of rotor construc¬ 
tion is usually provided in the alter¬ 
nators used in 

(a) hydropower stations 
{^thermal power stations 
(o) either of the above 
(d) none of the above 

14.63. In an alternator terminal voltage rise 
will be more 

(a) when leading load is thrown off 
djb) when lagging load is thrown off 

(c) when unity power factor load is 
thrown off 
((/) none of the above 

14.64. Turbo-alternators usually have 

(a) 12 poles , ( b ) 8 poles 

(c) 4 poles vteO 2 poles 

14.65. In an alternator short pitch coils are 
used 

(a) to reduce the stray losses 
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(b) to reduce the size of the machine 

(c) to provide accurate phase difference 
of 120° between each phase 

d^to reduce the harmonics in gene¬ 
rated e.m.f. 

14.66. If the input to the primemover of an 
alternator is kept constant but the ex¬ 
citation is increased, then 

4 «EkVA will be lagging 

( b ) kVA will be leading 

(c) kW will be changed 

( d) the power factor of the load remains 
constant 

14.67. Generated e.m.f. for same field current 
and double speed will be 

(a) same double 

(c) less than double 

(d) more than double 

14.68. If the space flux distribution is non- 
sinusoidal, e.m.f. induced in the dis¬ 
tributed winding 

(a) will be less sinusoidal than flux dis¬ 
tribution 

tfkFwvill be more sinusoidal than flux 
distribution 

(c) will be equally non-sinusoidal 
{d) none of the above 

14.69. Voltage regulation obtained by syn¬ 
chronous impedance method is 

(а) equal to that given by actual tests 

(б) less than that given by actual tests 
Jp) more than that given by actual tests 

(d) none of the above 

14.70. In an alternator short-circuit current is 
limited by 

(a) the saturated synchronous impe¬ 
dance 

^(6) the unsaturated synchronous im¬ 
pedance 

(c) either of the above 

(d) none of the above 

14.71. In an alternator, armature reaction is 
considered equivalent to 

(а) fictitious impedance 

(б) fictitious conductance 
fictitious reactance 

(d) fictitious resistance 
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14.72. Synchronous impedance method gives 
more regulation as compared to ampere- 
turn method because 

id) armature reaction is considered 
negligible 

(6) saturation effect is ignored in the 
synchronous impedance 

(c) saturation effect is taken into account 
in the synchronous impedance 
method 

14.73. Leakage reactance of the armature of a 
salient pole synchronous machine 
which varies with the position of the 
rotor is due to 

(a) leakage flux which remains within 
the slot 

( b ) leakage flux of end connections 
{^leakage flux which comes out of slot 

teeth, crosses the air gap and enters 
pole faces 

(d) none of the above 

14.74. Turbo-rotor is made up of 

(ct^solid steel forging having milled 
slots for field winding 

( b ) large spider to which laminated 
pole shoes are secured 

(c) laminations 

(d) none of the above 

14.75. A commercial alternator has 

fjp) stationary armature and rotary 
field 

(6) rotating armature and stationary 
field 

(c) both armature and field rotary 

0 (d) both armature and field fixed 

14.76. For the alternators operating in paral¬ 
lel, if the load shared by one of them is 
to be increased, its field excitation is 

(a) to be weakened keeping input 

torque same 

C b ) to be strengthened keeping input 
torque same 

cJ^f^to be kept constant but input torque 
should be increased 

(d) to be kept constant but input torque 
should be decreased 

14.77. Which of the following methods is best 
for finding the voltage regulation ? _ 
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(a) Synchronous impedance method 

(b) M.M.F. method 
'(eJ'Totier triangle method 
(d) All are equally good 

14.78. For a 3-phase winding with 5 slots per 

pole per phase and with coil span of 12 
slot pitch, the value of pitch factor is 
(a) 0.851 0.951 

(c) 0.98 {d) 1.05 

14.79. Salient pole rotors are used where 

(a) high frequency current is required 

(b) floor space is available in plenty 
low and medium speed prime- 
movers are available 

(d) high speed prime movers are avail¬ 
able 

14.80. The power factor of an alternator is 
determined by its 

(a) primemover (6) excitation 

(c) speed tfe£Hoad 

14.81. If the input to the prime mover of an 
alternator is kept constant but the ex¬ 
citation is changed then 

(a) the power factor of the load remains 
constant 

4&T the reactive component of the out¬ 
put is changed 

(c) the active component of the output 
is changed 
{d) none of the above 

14.82. For parallel operation, A.C. polyphase 
alternators must have the same 

(a) kVA rating (6) excitation 
(c) speed id) voltage rating 

14.83. Unlike D.C. generator kWrating, alter¬ 
nators are rated in 

(a) MW (6) kVAR 

(c) kWh if^kVA 

14.84. Dirt accumulation in generators can 
cause 

(a) flashovers (6) overheating 
(c) poor voltage regulation 
\ddrjf all of the above 

14.85. An alternator running in parallel with 
other alternators all having automatic 
voltage regulators is to be taken off the 
bus. The usual procedure before open¬ 
ing the switch is to 
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(oEreduce the power fed to the prime- 
mover 

(6) reduce alternator excitation 

(c) increase alternator excitation 
(i d ) none of the above 

14.86. Due to which of the following reasons 
concentrated windings are not used in 
alternators ? 

(а) Concentrated windings increase 
voltage harmonics 

(б) Concentrated windings decrease in¬ 
duced e.m.f./phase 

(c) Concentrated windings increase 
copper-to-iron ratio thereby decreas¬ 
ing the capacity 

Concentrated windings require deep 
slots for accommodation which leads 
to increased armature leakage and 
reactance 

14.87. A stationary alternator should not be 
connected to a live bus-bar because it 
doEwill get short-circuited 

(6) will disturb generated e.m.fs. of other 
alternators connected in parallel 

(c) is likely to run as a synchronous 
motor 

(d) will decrease but-bar voltage though 
momentarily 

(e) none of the above 

14.88. The power drawn by the prime-mover 
of an alternator, under no-load condi¬ 
tions, goes to 

(а) meet copper losses both in arma¬ 
ture and rotor windings 

(б) produce power in armature 
\(#Emeet no-load losses 

(d) produce e.m.f. in armature winding 

14.89. In a larger generator dampers 
(a) reduce frequency fluctuations 

increase stability 
(o) reduce voltage fluctuations 

(d) none of the above 

14.90. The choice of field construction, in an 
alternator, is basically determined by 
(a) generated voltage needed by the 

customers 
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(6) comparative cost of the field sys¬ 
tems 

(c) supply frequency required by the' 
consumers 

v^e^the kind of energy source available 
in the geographic location 

14.91. The load between two steam-driven al¬ 
ternators operating in parallel may be 
adjusted by varying 

da} steam supply to their prime movers 
(6) speed of the alternators 

(c) field strengths of the alternators 

(d) power factors of the alternators 

14.92. Overheating of generator’s winding 
J^reduces life of the machine 

(6) does not have any significant effect 

(c) reduces generated voltage 

(d) reduces power factor 

14.93. The maximum current that can be sup¬ 
plied by an alternator depends on 

(a) exciter current 

(b) strength of the magnetic field 

(c) number of poles 
\id)r speed of the exciter 

14.94. The regulation of an alternator is likely 
to be negative in case of 

(а) lagging power factor of the load 
U&Heading power factor of the load 
v&Wiigh speed alternators 

\d) low speed alternators 

14.95. The regulation of an alternator is 

the increase in terminal voltage 
when load is thrown off 

(б) the reduction in terminal voltage 
when alternator is loaded 

(c) the variation of terminal voltage 
under the condition of maximum 
and minimum excitation 
XdX the change in terminal voltage from 
” lagging power factor to leading 
power factor 

( e ) none of the above 

14.96. An alternator is said to be over excited, 
when it is operating at 

(a) lagging power factor 
leading power factor 
(c) unity power factor 
*%&) lagging to leading power factor 

( e ) any of the above 
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14.97. An alternator driven by a Francis 

hydraulic turbine is a.alternator 

(a) low speed 

(b) medium speed 

(c) high speed 

low or medium speed 

14.98. If two alternators are running in proper 
synchronism and the voltage of one 
machine is suddenly increased 

(а) both machines will stop 

(б) one machine will stop 
synchronising torque will be pro¬ 
duced to restore further synchro¬ 
nism 

(d) none of the above 

14.99. The power factor of an alternator is 
determined by its 

(a) excitation (6) speed 

(c) primemover load 

(e) none of the above 

14.100. Two alternators are to be put in paral¬ 
lel. Which of the following factors 
should be identical for both ? 

(a) Frequency. (6) Phase sequence 

(c) Voltage All of the above 

14.101. If the steam supply of an alternator 
running in parallel with another iden¬ 
tical alternator is increased keeping its 
excitation constant, then 

'i&T it will supply greater portion of the 
load 

(b) the power factor would be decreased 

(c) it would over-run the other alter¬ 
nator 

( d ) its rotor will fall back in phase with 
respect to the other machine 

14.102. An exciter for a generator is a 

(a) shunt motor 

(b) series motor 
shunt generator 

(d) series generator 

( e ) none of the above 

14.103. Two alternators *1* and *2’ are^sharing 
an inductive load equally. If the excita¬ 
tion of alternator *1* is increased 
vj^Talternator ‘2* will deliver less cur¬ 
rent and alternator T will deliver 
more current 
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( b ) alternator ‘2’ will deliver more cur¬ 
rent and alternator T will deliver 
less current 

(c) both will deliver more current 

(i d) both will continue to share load 
equally 

14.104. Which of the following coils in an alter¬ 
nator will have e.m.f. closer to sine 
waveform ? 

(a) Distributed winding in full pitch 
coils 

(^^Distributed winding in short pitch 
coils 

(c) Concentrated winding in full pitch 
coils 

( d) Concentrated winding in short 
pitch coils 

14.105. The distribution factor, in alternators, 
is defined as the ratio of e.m.fs. of 

(a) distributed winding to full pitch 
winding 

(b) concentrated winding to dis¬ 
tributed winding 

d&T distributed winding to concentrated 
winding 

(d) full pitch winding to distributed 
winding 

14.106. As load power factor of an alternator 

becomes more leading, the value of 
generated voltage required to give 
rated terminal voltage 
doFdecreases (6) increases 

(c) varies with rotor speed 

(d) remains unchanged 

14.107. In an alternator, the flux created by the 
armature m.m.f. subtracts directly 
from the main flux for the following 
conditions of the load 

(а) load power factor is unity 

(б) load power factor is 0.6 lagging - 
^fpFload power factor is zero lagging 

(d) load power factor is zero leading 

14.108. Synchronous impedance method of 
finding voltage regulation of an alter¬ 
nator is called pessimistic method be¬ 
cause 

(a) it is simplest to perform and com¬ 
pute 
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gives regulation value higher 
than is actually found by direct 
loading 

(c) armature reaction is wholly mag¬ 
netising 

(d) none of the above 

14.109. Two alternators are running in parallel. 
If the field of one of the alternators is 
adjusted it will 

change its power factor 
(6) change its frequency 

(c) reduce its speed 
{d) change its load 

14.110. In a synchronous machine, if the field 
flux axis is ahead of the armature field 
axis, in the direction of rotation, the 
machine is working as 
^OaHynchronous generator 

(b) asynchronous generator 

(c) synchronous motor 
{d) asynchronous motor 

14.111. The advantage of salient poles in an 
alternator is 

(a) reduced windage loss 

(b) reduced bearing loads and noise 

(c) reduced noise 

(ctFadaptability of low and medium 
speed operation 

14.112. For parallel operation of the two alter¬ 
nators, desirable feature is that both 
should have 

(а) same reactance 

(б) same resistance 

(c) more of resistance as compared to 
synchronous reactance 
less of resistance as compared to 
synchronous reactance 

14.113. If two alternators are running in paral¬ 
lel and the excitation of one of the alter¬ 
nators is increased, then 

(a) power output will decrease 
v(£>Fwattless component will change 
(c) machine with excess excitation will 
burn 

{d) both machines will start vibrating 

(e) none of the above 

14.114. When an alternator is supplying unity 
power factor load, the armature reac¬ 
tion will produce 
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distortion of the main field 

(b) magnetisation of the main field 

(c) demagnetisation of the main field 
{d) none of the above 

14.115. If the driving force of both the alter¬ 
nators running in parallel is changed, 
this will result in change in 

(a) generated voltage 
frequency 

(c) back e.m.f. (d) all of the above 

14.116. s In an alternator, when the load power 

factor is unity 

(a) the armature flux will be demag¬ 
netising 

v^Fthe armature flux will be cross- 
magnetising 

(c) the armature flux will reduce to 
zero 

(d) the armature flux will have square 
wave form 

(e) none of the above 

14.117. The Poter’s triangle separates the 

(а) stator voltage and rotor voltage 

(б) field m.m.f. and armature m.m.f. 
ijp} armature leakage reactance and ar¬ 
mature reaction m.m.f. 

(d) iron losses and copper losses 

14.118. In an alternator zero power factor 
method is used to find the 

(а) synchronous impedance 

(б) efficiency 

(c) armature resistance 
^d) voltage regulation 

14.119. If the driving power from the prime- 
mover driving an alternator is lost but 
the alternator remains connected to the 
supply network and field supply is on, 
then the alternator will 

(a) behave as an induction motor but 
will rotate in an opposite direction 
'■(W'behave as a synchronous motor and 
will rotate in the same direction 
(c) get burnt 
{d) none of the above 

14.120. In turbo-alternators, smooth cylindri¬ 
cal type rotors used have long axial 
length because 

(a) it gives smooth running of the rotor 
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14.121. 


14.122. 


14.123. 


14.124. 


[4.125. 


14.126. 
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(6) it reduces windage loss 

(c) centrifugal force is reduced 

vfcf) number of armature conductors 
being less, they have to be neces¬ 
sarily long for generating the re¬ 
quired voltage 

Large-diameter salient-pole rotors 
have short axial length mainly because 

(а) it occupies much less space 

(б) it reduces rotor weight 
ilpF'number of armature conductors 

held in the large circumference 
rotor being very large, they need not 
be long 

(d) it saves lot of copper in stator 
winding 

At leading power factor, the armature 
flux in an alternator 

(a) distorts the rotor flux 
aids the rotor flux 

(c) opposes the rotor flux 

(d) does not affect the rotor flux 
Three-phase alternators are invariably 
star-connected because 

higher terminal voltage is obtained 

(b) less turns of wire are required 

(c) small conductors can be used 

(c?) magnetic losses are the minimum 
Which of the following conditions does 
not have to be met by alternators work¬ 
ing in parallel ? 

(a) Alternators must operate at the 
same frequency 

( b ) Machines must have the same 
phase rotation 

(c) The terminal voltage of each 
machine must be the same 

^td) The machines must have equal kVA 
ratings 

The fictitious part of synchronous reac¬ 
tance takes care of 
(a) inductive reactance 
armature reaction 

(c) voltage regulation 

(d) none of the above 

In an alternator the voltage of field 
system is usually 
(a) more than 1000 V 


(6) between 400 V and 600 V 
{efless than 200 V 
(d) none of the above 

14.127. In an alternator, pitch factor is the 
ratio of the e.m.fs. of 

(a) full pitch winding to short pitch 
winding 

1 (^short pitch coil to full pitch coil 

(c) distributed winding to full pitch 
winding 

(d) full pitch winding to concentrated 
winding 

14.128. In an alternator field the effect of cross¬ 
magnetisation is to make the output 

non-sinusoidal 

(b) true sinusoidal 

(c) free from harmonics 

(d) none of the above 

14.129. When two alternators are running in 
exact synchronism, the scychrcnising 
power will be 

(a) unity ^bT zero 

(c) sum of the output of two 

(d) none of the above 

14.130. In an alternator if the armature reac¬ 
tion produces demagnetisation of the 
main field, the power factor should be 

(а) unity 

dib zero, lagging load 

(c) zero, leading load 

(d) none of the above 

14.131. In an alternator, the armature reaction 
influences 

vfo) generated voltage per phase 

(б) waveform of voltage generated 

(c) operating speed 

(d) windage losses 

14.132. In an alternator, the frequency of volt¬ 
age generated depends on 

(a) rotative speed only 

(b) number of poles only 
both (a) and (6) 

id) none of the above 

14.133. An alternator operating at lower volt¬ 
age, for the same power rating, will be 
(a) more efficient (6) costlier 

(c) less noisy larger in size 

14.134. When two alternators are running in 
parallel, their kVAR load share ami k\V 
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load share are changed by changing 
their 

(a) driving torque, driving torque res¬ 
pectively 

(ft) driving torque, excitation respec¬ 
tively 

excitation, driving torque respec¬ 
tively 

(d) excitation and excitation 

14.135. A lower voltage alternator, for the same 
power rating, will be 

(a) more costly v(^iarger in size 

(e) more efficient 

(d) operating at high r.p.m. 

14.136. Which of the following prime-movers is 
the least efficient ? 

(a) Steam turbine ^TSteam engine 

(e) Gas turbine (d) Diesel engine 

14.137. One of the super-thermal power sta¬ 
tions is being located at 

(a) Panipat (6) Hard war 

ftft-Farraka (d) U.P. 

14.138. If the voltage of one of the two machines 
running in synchronism is suddenly in¬ 
creased 

(a) both machines will stop 
{^synchronising torque will be 
produced to restore further syn¬ 
chronism 

00 the machines will burn 
(d) none of the above 

14.139. In large generators protection provided 
against external faults is 

(a) inter-turn fault protection 

(ft) sensitive earth fault protection 
00 biased differential protection 
all of the above 

14.140. In an alternator one of the advantages 
of distributing the winding is to 

<0*) improve voltage waveform 

(b) reduce noise 
00 save on copper 
0/) reduce harmonics 
00 none of the above 

14.141.plays an important role in over¬ 

speed protection of a generator ? 
uftf) Governor 
(ft) Differential protection 
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(c) Over current relay 

(d) Alarm 

14.142. Which of the following is the common 
synchronous speed in r.p.m. between 
50 Hz and be 60 Hz alternators ? 

(a) 200 (ft) 300 

^dpoOO (d) 900 

14.143. Salient pole type rotors as compared to 
cylindrical pole type are 

(a) small in diameter as well as axial 
length 

(ft) large in diameter as well as axial 
length 

(c) smaller in diameter and larger in 
axial length 

‘(^larger in diameter and smaller in 
axial length 

14.144. Which of the following relays come into 
operation in the event of the failure of 
prime-mover connected to the genera¬ 
tor ? 

(a) Buchholz relay 
c(ftr) Reverse power relay 

(c) Differential relay 

(d) All of the above 

(e) None of the above 

14.145. In order to reduce the harmonics in the 
e.m.f. generated in an alternator 

(a) winding is well distributed 
(ft) slots are skewed 
(<?) salient pole tips are chamfered 
Jtd) all of the above 
(e) none of the above 

14.146. The permissible duration for which a 
generator of rated frequency 50 Hz can 
run at 46 Hz is 

(a) one cycle 4ft) one second 

(a) one minute (d) zero 

(e) none of the above 

14.147. Due to which of the following reasons, 
for aircraft alternators high frequency 
is used ? 

uftr) To reduce the bulk 
(ft) To compensate for high speeds 

(c) To compensate for high altitudes 

(d) To free the systems from external 
disturbance 

(e) None of the above 
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B. Fill in the Blanks/Say *Yes’ or ‘No’: 

14.148. A machine for generating alternating 

currents is referred to as an. 

14.149. Alternators have no ...... as they are 

required to supply electrical energy 
with an alternating voltage. 

14.150. Revolving-armature type alternator 

has.field poles and.armature. 

14.151. Revolving-armature type alternator is 

usually of relatively.kVA capacity 

and.voltage rating. 

14.152. Revolving-armature type alternator 

resembles a D.C. generator in general 
appearance except that it has.in¬ 

stead of a commutator. 

14.153. Revolving-filed type alternator has a 

.armature or stator, inside of which 

field poles. 

14.154. Most alternators are of the revolving- 

field type. (Yes/No) 

14.155. In an alternators, the capacity of the 

exciter used is only a.percentage of 

the rated capacity of the alternator. 

14.156. Large power station usually have 

several exciters employing different 
methods of drive as insurance against 
the failure of excitation. (Yes/No) 

14.157. An exciter may be.connected to the 

shaft of the alternator, or it may be 
driven by a.electric motor. 

14.158. The.of stator of an alternator are 

annealed and insulated from each 
other by a thin coating of oxide and an 
enamel. 

14.159. In an alternator, a fractional rather 
than an integral number of slots per 
pole is often used in order to eliminate 
.in the waveform. 

14.160. The revolving field structure is usually 

called the. 

14.161. . type rotor is used for slow speed 

machines which have large diameters 
and small axial lengths. 

14.162. In most of the alternators, where the 
oscillation or the limiting effect is very 

high, the.winding in the pole faces 

is provided. 
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14.163. The pole face (in a salient pole type 
rotor) is so shaped that the radial air 

gap length.from the pole centre to 

pole tips. 

14.164. .rotor is used for alternators which 

are coupled to.turbines which run 

at very high speeds. 

14.165. The number of poles of a cylindrical 

rotor are two or four. (Yes/No) 

14.166. The cylindrical rotors are made from 

solid forgings of.steel. 

14.167. In a cylindrical rotor about 3/4th of 
rotor pole pitch is slotted, leaving the 
l/4th unslotted for the pole centre. 

(Yes/No) 

14.168. Cylindrical rotor machines have always 
.configuration. 

14.169. Salient-pole rotors are usually used 
where water power is the prime-mover 


source of energy. (Yes/No) 

14.170. Cylindrical rotors will most likely be 

located on alternators where.power 

is readily available. 


14.171. The terms high-speed and low-speed 

rotors are sometimes used synony¬ 
mously with salient pole and cylindri¬ 
cal rotors, respectively. (Yes/No) 

14.172. A great deal of.equipment operates 

with voltage having a frequency of 400 
Hz. 

14.173. The standard frequency in India is. 

14.174.a slot essentially a full slot pitch 

in length of the core will eliminate volt¬ 
age due to slot ripple. 

14.175. Less than full pitch coils are used to 

obtain adjustments in the voltage 
generated or to limit. 

14.176. A low-resistance. winding is gene¬ 

rally necessary on single phase machines 
to reduce the flux pulsations that are 
set up by the single-phase armature 
reaction and to reduce the effective ar¬ 
mature reactance. 

14.177. . windings are sometimes used to 

reduce short-circuit currents and to 
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simplify switch gear and bus structure 
problems. 

14.178. The majority of A.C. machine coils are 

of fractional pitch type. (Yes/No) 

14.179. The factor by which the e.m.f. per coil 

is reduced, because of the pitch being 
less, is known as.factor. 

14.180. The pitch factor (k p ) is given as k p = cos 2 

a/2, — (Yes/No) 

14.181. The r atio of the vector sum of the e. m .fs. 
induced in all the coils distributed in a 
number of slots under one pole to the 
arithmetic sum of the e.m.fs. induced 
(or to the resultant of the e.m.fs. in¬ 
duced in all the coils concentrated in 

one slot under one pole) is known as. 

factor (kj). 

14.182. The e.m.f. induced (for sinusoidal 
wave) per phase is given as : E rrn J 
phase = 4.44/ <j> T p j r k p k& volts. 

(Yes/No) 

14.183. For.pitched and.windings, k p = 

1, k ( i = 1. 

14.184. The . resistance of the armature 

winding is greater than the conductor 
resistance as measured by "direct cur¬ 
rent. 

14.185. The numerical value of. is defined 

as the percentage rise in voltage when 
full load at the specified power-factor is 
switched off, the excitation being ad¬ 
justed initially to give normal voltage. 

V-tfo 

14.186. % regulation ‘up 5 = —-x 100. 

hi) 

(Yes/No) 

14.187. A normal alternator has a regulation of 

about 8 to 10 percent at . power 

factor, but the voltage rise is consider¬ 
ably increased at.power factors. 

14.188.regulation is not desired, since 

such an alternator would deliver an 
excessive current if accidentally short- 
circuited. 

14.189. Coarse regulation adds to the protec¬ 
tion of the machine. (Yes/No) 


14.47 

14.190. Synchronous impedance (or e.m.f.) 

method of determining voltage regula¬ 
tion is also called the.method. 

14.191. The ‘ampere turn’ or ‘m.m.f.’ method is 

converse of the ‘e.m.f. method’ in the 
sense that armature leakage reactance 
is treated as an additional armature 
reaction. (Yes/No) 

14.192. The ‘ampere-turn’ or ‘m.m.f.’ method of 

determining voltage regulation is also 
called the.method. 

14.193 . method of determining voltage 

regulation gives more accurate results 
since it is based on the separation of 
armature leakage reactance drop and 
the armature reaction effects. 

14.194. In an alternator maximum efFici^ney- 

occurs at that load point where the 
constant losses are equal to variable 
losses. , (Yes/No) 

14.195. The maximum efficiency usually occurs 

at about.percent of full ld?ad. 

14.196. Violation of the requirements for paral¬ 
leling would result in . currents 

between the machines varying from 
uneconomic, to serious to disastrous. 

14.197. j n parallel operation of alternators, 
those alternators already carrying load 

are known as.machines, while that 

which is to be placed in the system is 

known as the.machine. 

/ 

14.198. When the induced e.m.fs. of the two 

alternators are equal but not in exact 
phase opposition, their resultant e.m.f. 
acts round the local circuit and causes 
flow of current called.current. 

14.199. gy keeping the input to the primemover 
of an alternator constant, if excitation 

is changed then only.component of 

the output is changed and not. 

14.200. Machines driven by internal combus¬ 

tion engines must have large flywheels 
or heavy damping windings to prevent 
excessive oscillation. (Yes/No) 
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ANSWERS 

(Alternators) 

A. Choose the Correct Answer : 


14.1. 

(a) 

14.2. 

(a) 

14.3. 

(a) 

14.4. 

(d) 

14.5. 

(c) 

14.6. 

(b) 

14.7. 

(d) 

14.8. 

(d) 

14.9. 

(A 

14.10. 

0 b ) 

14.11. 

(a) 

14.12. 

(a) 

14,13. 

(d) 

14.14. 

(a) 

14.15. 

(b) 

14.16. 

(a) 

14.17. 

(b) 

14.18. 

(d) 

14.19. 

(b) 

14.20. 

(b) 

14.21. 

(b) 

14.22. 

0 b ) 

14.23. 

(a) 

14.24. 

(c) 

14.25. 

(d) 

14.26. 

(d) 

14.27. 

(d) 

14.28. 

(d) 

14.29. 

(a) 

14.30. 

(c) 

14.31. 

(b) 

14.32. 

(6) 

14.33. 

(b) 

14.34. 

0 b ) 

14.35. 

(a) 

14.36. 

(6) 

14.37. 

( a) 

14.38. 

(d) 

14.39. 

(a) 

14.40. 

(a) 

14.41. 

(b) 

14.42. 

(c) 

14.43. 

(a) 

14.44. 

(b) 

14.45. 

(a) 

14.46. 

(b) 

14.47. 

(a) 

14.48. 

(a) 

14.49. 

(c) 

14.50. 

(b) 

14.51. 

(c) 

14.52. 

(a) 

14.53. 

(b) 

14.54. 

(c) 

14.55. 

(b) 

14.56. 

(b) 

14.57. 

(b) 

14.58. 

(c) 

14.59. 

(d) 

14.60. 

(c) 

14.61. 

(a) 

14.62. 

(6) 

14.63. 

(b) 

14.64. 

(d) 

14.65. 

(d) 

14.66. 

(a) 

14.67. 

(b) 

14.68. 

(6) 

14.69. 

(c) 

14.70. 

(b) 

14.71. 

(c) 

14.72. 

(a) 

14.73. 

(c) 

14.74. 

(a) 

14.75. 

(a) 

14.76. 

(c) 

14.77. 

(C) 

14.78. 

(b) 

14.79. 

(c) 

14.80. 

(d) 

14.81. 

(b) 

14.82. 

(d) 

14.83. 

(d) 

14.84. 

(d) 

14.85. 

(a) 

14.86. 

(d) 

14.87. 

(a) 

14.88. 

(c) 

14.89. 

(b) 

14.90. 

(d) 

14.91. 

(a) 

14.92. 

(a) 

14.93. 

(d) 

14.94. 

(b) 

14.95. 

(a) 

14.96. 

(b) 

14.97. 

id) 

14.98. 

(c) 

14.99. 

(d) 

14.100. 

(d) 

14.101. 

(a) 

14.102. 

(c) 

14.103. 

(a) 

14.104. 

(b) 

14.105. 

(c) 

14.106. 

(a) 

14.107. 

(c) 

14.108. 

(b) 

14.109. 

(a) 

14.110. 

(a) 

14.111. 

(d) 

14.112. 

(d) 

14.113. 

(b) 

14.114. 

(a) 

14.115. 

(b) 

14.116. 

(6) 

14.117. 

(c) 

14.118. 

(d) 

14.119. 

(b) 

14.120. 

(d) 

14.121. 

(c) 

14.122. 

( b) 

14.123. 

(a) 

14.124. 

(d) 

14.125. 

(b) 

14.126. 

(c) 

14.127. 

(b\ 

14.128. 

(a) 

14.129. 

(b) 

14.130. 

() b) 

14.131. 

(a) 

14.132. 

(c) 

14.133. 

(d) 

14.134. 

(c) 

14.135. 

(b) 

14.136. 

(6) 

14.137. 

(c) 

14.138. 

(i b) 

14.139. 

(d) 

14.140. 

(a) 
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14.141. 

(a) 

14.142. 

(0 

14.143. (d) 

14.144. (6) 

14.145. 

{d) 

14.146. 

(b) 

14.147. (a) 


B. Fill in 

the Blanks/Say ^Yes* or 

‘No’: 




14.148. alternator 

14.149. commutators 

14.150. stationary, revolving 

14.151. small, low 

14.152. slip rings 

14.153. stationary, rotate 

14.154. Yes 

14.155. small 

14.156. Yes 

14.157. directly, separate 

14.158. laminations 

14.159. harmonics 

14.160. rotor 

14.161. salient pole 

14.162. damper 

14.163. increases 

14.164. cylindrical, steam 

14.165. Yes 

14.166. alloy 

14.167. No 

14.168. horizontal 

14.169. Yes 

14.170. steam 

14.171. No 

14.172. aircraft 

14.173. 50 Hz 

14.174. Skewing 

14.175. harmonics 

14.176. damper 

14.177. Double 

14.178. Yes 

14.179. pitch 

14.180. No 

14.181. distribution 

14.182. Yes 

14.183. full, concentrated 
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14.184. 

14.185. 

14.186. 

14.187. 

14.188. 

14.189. 

14.190. 

14.191. 

14.192. 

14.193. 

14.194. 

14.195. 

14.196. 

14.197. 

14.198. 

14.199. 

14.200. 
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effective 

regulation 

No 

unity, lagging 

Close 

Yes 

pessimistic 

Yes 

optimistic 

Potier 

Yes 

80 

circulating 
running, incoming 
synchronising 
kVa, kW 
Yes 

□ □ 
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Synchronous Motors 


15.1. INTRODUCTION 

The synchronous motor is the one type of 3-phase AC. motor which operates at a constant 
speed from no-load to full-load . It is similar in construction to 3-phase A.C. generator in that it has 
a revolving field which must he separately excited from a D.C. source. By changing the D.C. field 
excitation current the power factor of this type of motor can be varied over a wide range of lagging 
and leading values. 

This motor is used in many individual applications because of its fixed speed from no-load to 
full-load, its high efficiency and low initial cost. It is also used to improve the power of 3-phase A. C. 
industrial circuits. 

15.2. CHARACTERISTIC FEATURES, ADVANTAGES AND DISADVANTAGES 

Characteristic Features: 

The following characteristic features of a synchronous motor are worth noting ; 

1. It runs either at synchronous speed or not at all. The speed can be changed by changing the 
frequency only (since N s = 120 ftp) 

2. It is not inherently self-starting. It has to be run up to synchronous or near synchronous 
speed by some means before it can by synchronized to the supply. 

3. It can operate under a wide range of power factors both lagging and leading. 

4. On no-load the motor draws very little current from the supply to meet the internal losses. 
With fixed excitation the input current increases with the increase in load. After the input current 
reaches maximum no further increase in load is possible. If the motor is further loaded, the motor 
will stop. 

Advantages. Synchronous motors entail the following advantages : 

1. These motors can be used for power factor correction in addition to supply torque to drive 

loads. 

2. They are more efficient (when operated at unity power factor) than induction motors of 
corresponding ouput (kW) and voltage ratings. 

3. The field pole rotors of synchronous motors can permit the use of wider air-gaps than the 
squirrel-cage designs used on induction motors, requiring less bearing tolerance and permitting 
greater bearing wear. 

4. They rpay be less costly for the same output, speed, and voltage ratings as compared to 
induction motors. 

5. They give constant speed from no-load to full-load. 

6. Electro-magnetic power varies linearly with the voltage. 

15.1 
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Disadvantages. The disadvantages of synchronous motors are : 

1. They require D.C. excitation which must be supplied from external source. 

2 . They have a tendency to hunt. 

3. They cannot be used for variable speed jobs as speed adjustment cannot be done. 

4. They require collector rings and brushes. 

5. They cannot be started under load. Their starting torque is zero. 

6 . They may fall out of synchronism and stop when overloaded. 

15.3. APPLICATIONS 

The synchronous motors have the following fields of application : 

1. Power houses and sub-stations. Used in power houses and sub-stations in parallel to 
the bus-bars to improve the power factor. 

2. Factories. Used in factories having large number of induction motors or other power 
apparatus, operating at lagging power factor, to improve the power factor. 

3.. Mills-industries etc. Used in textile mills, rubber mills, mining and other big industries, 
cement factories for power applications. 

4. Contant speed equipments. Used to drive continuously operating and constant speed 
equipment such as : 

— Fans. 

— Blowers. 

— Centrifugal pumps. 

— Motor generator sets. 

— Ammonia and air compressors etc. 

15.4. CONSTRUCTION 

A three-phase synchronous motor consists of the following essential parts : 

1 . Laminated stator core with three-phase armature winding. 

2. Revolving field complete with amortisseur winding and slip rings. 

3. Brushes and brush holders. 

4. Two end shields to house the bearings that support the shaft. 

— The stator core and windings of a synchronous motor are similar to those of a 3-phase 
squirrel-cage induction motor or a wound-rotor induction motor. The leads for the stator 
winding, marked 7\, To and T 3 , terminate in a terminal box usually mounted on the side 
of the motor frame. 

— The rotor is generally a salient pole rotor. The number of rotor field poles must equal the 
number of stator field poles. In order to eliminate hunting and to develop the necessaiy 


Ro tor 
bars k 


Shor ting 

N A Strips s 


Fig. 15.1. Pole of an A.C. 
synchronous motor. 


Shor.ting 

Strips 


Rotor bars 



Fig. 15.2. Damper winding. 
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SYNCHRONOUS MOTORS 15.3 

starting torque when A.C. voltage is applied to the stator, the rotor poles contain pole- 
face conductors which are short-circuited at their ends as shown in Fig. 15.1. This 
amortisseur or damper winding consists of solid copper bars embedded at the surface 
of the pole face and short-circuited at each end by means of a shorting strip as shown 
in Fig. 15.2. 

— The field circuit leads are brought out to two slip rings mounted on the rotor shaft. 
Carbon brushes mounted in brush holders make contact with the two slip rings. The 
terminals of the field circuit are brought out from the brush holders to a second teminal 
box mounted on the motor frame. The two leads for the field circuit are marked F l 
and F r 

15.5. PRINCIPLE OF OPERATION 

When the stator windings of a 3-phase synchronous motor are supplied with rated 3-phase 
voltage, a rotating field travelling at synchronous speed is set up. The synchronous speed is found 

from the relation N s = ; where N s (in r.p.m.), / and p are synchronours speed, frequency 

P 

and number of poles respectively. This rotating magnetic field cuts across the amortisseur or squirrel- 
cage winding of the rotor and induces voltages and 
currents in the bars of this winding. The resultant 
magnetic field of suirrel-cage winding embedded in the 
rotor field poles reacts with the stator field in such a 
manner as to cause the rotation of the motor . The roto will 
increase its speed to a point slightly below the 
synchronous speed of the stator field. The rotor of the 
typical sychronous motor accelerates to about 85 to 97% 
of synchronous speed when started as an induction 
motor with amortisseur windings. The field circuit is 
now excited from an outside source ofD.C. and magnetic 
poles of fixed polarity are set up in the rotor field cores . 

The fixed magnetic poles of the rotor are attracted to 
unlike poles of the rotating magnetic field set up by the 
stator windings. 

Fig. 15.3. shows the locking of rotor field poles with unlike poles of stator field. The rotor 
then runs at the same speed as that of the stator field, i.e., N s . 

15.6. SYNCHRONOUS MOTORS—STARTING 

As earlier stated, the synchronous motor must be brought to a speed sufficiently close to 
synchronous speed in order to lock into synchronism with the rotating field. The means by which 
it is brought up to speed are : 

1. AD.C. motor coupled to the synchronous motor shaft. This method is sometimes 
used in laboratories with synchronous motors not equipped with damper windings. Generally, 
the synchronous motor is intended as the constant speed primemover for the D.C. generator. 
But in order to bring the motor upto synchronism the D.C. generator is operated as motor, and 
the AC. synchronous dynamo is synchronized to the A.C. supply as an alternator. Once in parallel 
with the supply, the synchronous dynamo is operated as a motor. The D.C. ‘ motor’ will now act 
us a generator if its field current is increased so that its generated e.m.f. exceeds the D.C. bus. 



Fig. 15.3. Opeating principle of a 
synchronous motor. 
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2. Using the field excited generator as a D.C. motor. This method is the same asl 

the first, except that the exciter (D.C. shunt generator) is operated as a motor, and the A.C 1 
synchronous dynamo is synchronized to the A.C. supply. | 

3. A small induction motor of at least one pair of poles less than the synchronous S 
motor. This method involves the same synchronizing procedure for A. C. synchronous motor as 
an alternator. At least one pair of poles fewer is required on the induction motor to compensate 
for the loss in induction motor speed due to slip. 

In the above three methods the following conditions should be met with : 

• There should be little or no-load on the synchronous motor. 

o The capacity of the starting motor (D.C. or A.C.) should be between 5 and 10%ofth^ 
rating of the synchronous motor coupled to it. 

4. Using the damper windings as a squirrel-cage induction motor. 

Note. It is practically impossible to start a synchronous motor with its D.C. field energized.Even 
when left-de-energized, the rapidly rotating magnetic field of the stator will induce extremely high voltages 
in the many turns of the field winding. It is customary, therefore, to short-circuit the D.C. field winding 
during the starting period ; whatever voltage and current are induced in it may then aid in producing 
induction motor action. In very large synchronous motors, field sectionalising or field-splitting switches 
are used which short-circuit individual field windings to prevent umulative addition of induced voltages 
from pole to pole. 

15.7. EFFECT OF LOAD ON A SYNCHRONOUS MOTOR 

When mechanical load on a D.C. motor or an A.C. motoro is increased, the speed decreases. 
This, is turn, decreases the back or counter e.m.f. (E b ) so that the source is able to supply more 
current to meet the increased load demands. However, this action cannot take place in the 
synchronous motor for the rotor must run at synchronous speed at all loads. 

Fig. 15.4. (a) shows the relative position of a stator and rotor pole at no-load, poles centres 
are directly in line with each other. 

Fig. 15.4. ( b ) represents the relative position of the stator and the rotor poles after 
mechanical load has been added to the motor. Now there has been a shift of the rotor pole in a 
direction opposite to that of the stator field flux and the direction of the rotor. It may be kept in 
mind that there has been no change in speed as the rotor will continue to rotate at synchronous 
speed. There is only an angular displacement belween the centres of the stator and rotor field 
poles. The angular displacement shown in Fig. 15.4 (6) is called the Torque angle’. 




^L-Torque angle 



/ 


Stator flux 


(a) Torque angle at no load 
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No-load condition-vector diagrams. Fig. 15.5 shows the conditions when the motor 
(properly synchronised to the supply) is running on no-load and is having no losses. It is seen 
that V = E h , hence their vector differences is zero and so is the armature current. Motor intake 
is zero, as there is neither load nor losses to be met by it. In other words, the motor just floats. 


Fig. 15.5. No-load (no losses). 

Fig. 15.6 shows the vector diagram when the motor is no no-load but has losses. The vector 
for E b falls back by a certain angle a 0 , so that a resultant voltage E r and hence current / 0 is 
brought into existence which supplies losses. 


7*o_ y 

lo 

Fig. 15.6. No-load (with losses). 

Load condition-vector diagram. When the motor is loaded, it slows down momentarily 
to adjust itself to the change in load condition, so the rotor pole falls back a little more relative 
to the stator pole, as shown in Fig. 15.7. Hence the torque angle increases with the increase in 
load. Due to increase in load or torque angle a, the resultant votlage E r across the armature (or 
stator) circuit increases, and, therefore, current drawn from the supply mains increases. Thus 
a motor is able to suply increased mechanical load, not by reduction in speed, but by shift in 
relative positions of the rotor and rotating magnetic field (or stator flux). From Fig. 15.7 it is 
obvious that for increasing load with a constant value of back e.m.f. E b the phase angle <j> increases 
in lagging direction. 




Fig. 15.7. Synchronous motor no-load vecotr diagram . 

/ 

If the angle between stator and rotor pole centres become too great , due to a serious over¬ 
load then the rotor will pull out of synchronism and operate as an induction motor with the aid 
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of the amortisseur winding. The maximum value of torque which a synchronous motor can 
develop without dropping out of synchronism is called the ‘pull-out torque'. In most synchronous 
motors this is 150 to 200 per cent of rated torque output. 

15.8. TORQUE DEVELOPED BY THE MOTOR 

Refer Fig. 15.8. 

OL = Supply voltage/phase 
I = armature current 
LM = back e.m.f. at a load angle of a 
OM = resultant voltage, E r = IZ S (or IX s if R a is negligible) 

• I lags/leads Vby an angle <j) and lags behind E r by an angle 0 (internal angle) 



P mech = E b I COSy ...(15.1) 

In A OMS, MS = IZ S cos \\i 

Now, MS = NS-NM=LQ-NM 

IZ S cos vy = V cos (0 — a) — E b cos 0 

V E . 

I cos y = cos (0 — a)- 2 . C os 0 

Z s 
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Putting this value in (15.1), we get 


p me jp hase=Eb 


-^-cos(9 - a) - -^-cosG 

Z. Z, 


15.7 


E V E^ 

or P mech /phase= -|-cos(e-a)--^-cose ...(15.2) 

This is the expression for the mechanical power developed in terms of load angle (a) and 
the internal angle (0) of the motor for a constant voltage V and E b (or excitation because E b 
depends on excitation only). 

Maximum power developed. Condition for maximum power developed can be found 
by differentiating the above expression (eqn. 15.2) with respect to load angle and then equating 
it to zero. 


dBosdk = M_ sin{ e - a) = 0 or sin(9 - a) = 0 
aa Z s 

0 = a 

/. Value of maximum power, 

(P mech ) = M._ |£ C0 SCC 

V mecn W z s Z s 

^K_|tLcos9 ...(15.3) 

• This shows that the maximum power and hence torque (•• speed is constant) depends 
on V and E^ i.e., excitation. 

• Maximum value of 0 and hence a is 90°. For all values of V and E fc , this limiting value 
of a is the same but maximum torque will be proportional to the maximum power 
developed as given in eqn. (15.3). 

• In Fig. 15.9 eqn. (15.2) is plotted. 
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i.e.y 


cos 0 = 0 

Pmech =^COs(90°-a) 

P TZ 

imech =sina 


[from eq. (15.2 


...(15, 


[From eqn. (15.3)] 


This gives the value of mechanical power developed in terms of a—the basic variable of; 
synchronous machine. 

(Pmech) max = ^- 
This corresponds to the ‘ pull-out * torque. 

The above value can be obtained by putting a = 90° in eqn. (15.4). 

• To determine the value of excitation of induced e.m.f. E b to give .maximum power 
developed possible, differentiate eqn. (15.3) with respect to E b and equate to zero 

d(Pmwh)m%x = ¥_-2Eb COB Q = 0 or E b = ——— 

dE b Z s Z s 2 cos0 

V 


Susbstituting E\> = 

( j fmech)max = 


2 COS0 
V 2 


in eqn. (15.3), we get 
V 2 


iZ« cos0 


4Z s cos0 


v 2 V 2 
4 Z s cos0 4 Rv 

where R a = effective resistance of the motor. 


[v Zcos0 = Rq] 


Hence 


(-^mech ) 


max 


V 2 

4i^ 


Torques of a synchronous motor : 

The various torques associated with a synchronous motor are described below : 


...(15.5) 


1. Starting torque : 

• It indicates the ability of the motor to accelerate the load. It is also sometimes called 
“break away torque \ 

• It may be as low as 10 percent in case of centrifugal pumps, and as high as 200 or 250 
percent of full-load torque, as in case of loaded reciprocationg two-cylinder 
compressors. 

• Although the synchronous motor possesses no self-starting torque yet in modern 
synchronous motors, by making proper changes in the design of damper windings, 
almost any reasonable torque can be developed. 


2. Running torque : 

• Running torque is the torque developed by the motor under running conditions. 

• It is determine by the output power and speed of the driven machine. 

• Peak output power determines the maximum torque that would be required by the 
driven machine. The breakdown or maximum running torque of a motor must be 
greater than this value in order to avoid stalling of the machine. 
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SYNCHRONOUS MOTORS _ 

3. Pull-in torque . 

• In pertains to the ability of the motor to pull-into synchronism when changing from 
induction to synchronous motor operation. 

4. Pull-out torque: 

• It is the maximum torque which the motor will develop without pulling out of step or 
synchronism. 

• Its value varies from 1.25 to 3.5 times the full-load torque. 

6.9. TWO REACTANCE CONCEPT FOR SALIENT POLE SYNCHRONOUS MOTORS 

0 The steady-state performance or salient pole synchronous motors can be predicted 
quite accurately by the synchronous reactance concept, however, when high degree 
of accuracy is required or when problems concerning transients or power stability are 
to be handled, the two-reactance theory is required. This theory is considered below : 

• The salient pole synchronous motor has the following two axes : 

— Field pole axis, called the direct axis or d-axis; and 

— The axis passing through the centre of interpolar space, called quadrature axis or 
q-axis (as in case of an alternator). 

I d and I q are the components of the armature current resolved along d-axis and q-axis 
respectively. 

In the Fig. 15.10 and 15.11 are shown the complete phasor diagrams of a salient pole 
synchronous motor, for a leading power factor, considering and neglecting armature resistance 
respectively. 


From Fig. 15.11, using E b as reference phasor, we have 


and 

Vcos a = E b -I d X d 

...(15.6) 


V sin a = I q K q 

...(15.7) 


j E^-V cosa 
d ~ X d 

...(15.8) 

and 

t V sin a 

9 “ 

...(15.9) 



Fig. 15.10. Phasor diagram for synchronous motor-leadingp.f. 

(Considering armature resistance). 

Regardless of the axis of reference, power input is given by the product of the in-phase 
components of the current and voltage plus the product of the quadrature component. 

Pin = IqV cos a + ^ a V s ^ n a 
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Fig. 15.11 . Phasor diagram for synchronous motor-leadingp.f. 
(Neglecting armature resistance) 

Substituting the values of I d and I from eqns. (15.8) and (15.9), we get 


Hn(per phase) 


Vsina^.r , E b -V cosa,,.. 

=-x V cosa + — -x V sina 


X, 




V 2 si 


sin a cosa 


X n 




EbV sin a - V 2 sin a cos a 


E b V . A V 2 

= —sina +— 

x d : 2 


_i_ 


sin 2a 


...(15.10) 


Total power input (3 times of the above) 

3 E b V . 3V 2 

= —-—sin a +- 

X d 2 


X„ 


1 

X d 


sin 2a 


E bL V L . V 2 
= bL L sma + — L - 
X d 2 


X n 


1 


sin 2a 


(Power developed will be equal to power input minus copper losses) 
Stability and maximum load angle : 

Differenting eqn. (15.10) w.r.t. load angle a, we get 


...(15,11) 


dP m = E b V 
da X d 


cosa 




cos 2a 


...(15.12) 


This eqn. (15.12) gives the rate of change of power as a function of the load angle a . This 
is called stability factor, rigidity factor or simply the stiffness of coupling. 

In a smooth cylindrical rotor motor the corresponding expression is obtained by 
differentiating eqn. (15.4) w.r.t. load angle a, so 


dP M = E b V 
da X s 


cosa 


Eqn. (15.12) contains a second term, imply ing greater stiffness of the coupling for the salient 
pole motor. 

Maximum load angle can be determined by equating the R.H.S. of the eqn. (15.12) equal 
to zero, / 
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i.e., 


EbV 

x d 


co s a + 


V 2 


L * 9 


1 


cos2a = 0 


Solving the above equation for cos a, we get 


15.11 


cos a = 


i Ma + 



E b X Q 

4V(X d -X q ) 


...(15.13) 


This is the cosine of the maximum load angle when armature resistance is neglected. 

Note. The analysis of smooth cylindrical (or non-salient pole) synchronous machine is much easier 
comparatively since in this case the air-gap is uniform (air gap in salient pole synchronous motor is not 
uniform-much larger in the interpolar space than along the field pole axis) and, therefore, the effect of armature 
reaction, fluxes and voltages induced can be treated in a simple way with synchronous reactance concept. 


15.9. EFFECT OF EXCITATION ON ARMATURE CURRENT AND POWER FACTOR 
(V-CURVES) 

Consider a synchronous motor in which the mechanical load is constant and hence output 
is also constant if losses are neglected. 

Case. 1. 100% Excitation : 

The case for 100% excitation, i.e., when E b -V is shown in Fig. 15.4 (i). Here the armature 
current / lags behind Vby a small angle <|>. Its angle with E r is fixed by stator constants, i.e ., 

tanG = — 

Ra 

Case 2. Excitation less than 100% : 

Fig. 15.4 (ii) represents the condition for under-excited motor, i.e., E b < V. Here E r is 
advanced clockwise and so is the armature current (because it lags behind E r by a fixed angle 
0). We find that: 

The magnitude of I is increased, but its power factor is decreased ( <j> has increased) 



Fig. 15.12. Effect of excitation on armature current and power factor. 

— Since input as well as V are constant, hence the power component of I, i.e., I cos <j) 

remains the same as before, but wattless component I sin (j> is increased. Hence, as 

excitation is decreased, I will increase, but power factor will decrease so that power 

component, i.e., I cos § = OL will remain constant. The locus of the extremity of current 

vector would be a horizontal straight line. . , A c D . . . 
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Case 3. Excitation greater than 100 % : 

In Fig 15.12 (iii) excitation is greater than 100%, i.e., E b > V(i.e., motor is over-excited), 
Here the resultant voltage vector E r is pulled-anticlockwise and so is I. It may be noted that now 
motor is drawing a leading current It may also happen for some value of excitation, that I may 
be in phase with V, i.e., power factor is unity [Fig. 15.12 (it;)]. At that time the current drawn by 
motor would be minimum. 


V~curves of a Synchronous Motor : 


4 

□ 1 

a £ 

° 5 

a. U 

0-8 pf 

iagging unity o-ftpf leading 

\ / / ✓Full load 

v f /^>>walf ,0Qd 

\ / / load 

a> w 

s - 


X. 3 / >> / / 

£ 

a. • ~ 

* 

3 

Lagging 

\ f i / / / 

N 1 / / / 

v/ /// . • 

! Normal excitation 

\ ! FI / i tyiffinn nfc 

E 

w 

< 

pfs 


i 

Field current tamps d.c.dfl—^ 

[q) Relation between armature current l 
field current for various loads 



(h) Relation between power factor and 
field current for various loaas 


Fig. 15.13. Families of V-curues for a synchronous motor. 

— It has been stated above that, when the field current [Fig. 15.12 (ii)] I is produced 
which exceeds the minimum current at unity power or at normal excitation. 

— Similarly, when motor is over-excited , the armature current also rises [Fig. 15.4 (iii)] 
and exceeds the current required at normal excitation to develop the necessary torque, 
at any given load. 

— By applying a given constant load to the shaft of a synchronous motor and varying 
the field current from under-excitation to over-excitation, recording the armature 
current at each step, the curves of Fig. 15.13 (a) are obtained. The A.C. armature 
current is plotted against the D.C. field current for no-load , half-load, and full-load 
values, respectivley. Fig. 15.13 (6) shows the relation between power factor and field 
current for various loads. 

— The V-curves (shown in Fig. 15.13) represent the phasor diagrams and vice-versa for 
various conditions of load and power factor. 

15.10. SYNCHRONOUS MOTOR RATINGS 

Synchronous motors may be purchased in three standard ratings namely : 

(i) unity power factor; 

(ii) 90% leading power factor; and 

(iii) 80% leading power factor. 

Other ratings are obtainable from motor manufacturers by special quotation. 

— If a motor is rated at unity power factor it can be operated with a leading power factor. 
However the mechanical load must be decreased sufficiently so that no more than 
rated A.C. stator current will flow at the reduced power factor. In other words, the 
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mechanical load in horsepower output and the electrical load in leading kVARs must 
not exceed the rating of the motor. When a synchronous motor is rated at 80 or 90 
y percent leading power factor it will have a large current capacity for a given 

horsepower output. This is necassary in order to supply rated horsepower output with 
the larger current at the reduced power factor. 

15.11. HUNTING OF SYNCHRONOUS MOTORS 

— When the mechanical load is constant, the rotor settles down to an absolutely constant 
' speed with the torque angle fixed by the particular delivered horsepower. Should the 
load be changed, however, the rotor speed changes momentarily until the torque angle 
adjust^ itself to the new horsepower, if the load increases , the rotor slips backwards 
to an increased torque angle, while a load reduction causes the rotor to advance to a 
smaller torque angle . But because of the moment of inertia of the rotating parts, the 
rotor overshoots the final position, slowing down or speeding up more than it should. 
In slowing down as a result of an increased load, for example, it passes the proper 
torque angle, giving up some of the kinetic energy; under this condition, the motor 
develops more torque than it requires and speeds up. Acceleration to locate the correct 
torque angle causes the rotor to move forward a little more than it should; this results 
in less than the required torque, so that the motor slows down again. It may be 
understood that this periodic speed change is only momentary while the rotor is 
attempting to settle down to a correct torque angle and that it goes on while the averge 
speed is constant. This rapid forward and backward motion of the rotor as it revolves 
at the average constant speed is called ‘hunting* (i.e. t the rotor may be said to ‘ hunting 
for its correct position with respect to the absolutely constant speed of the revolving 
field. 

In some cases, when the mass of revolving parts has an oscillating period that is same 
as, a some multiple of, the hunting period, it is possible for swings to grow progressively greater; 
under this condition, the torque angle might even exceed the pullout value, causing the motor to 
drop out of synchronism and stall. 

— ‘Hunting* is an objectiojiable characteristic of all synchronous motors s since it produces 
severe mechanical stresses as well as great variation in current and power taken by 
the motor. 

— Fortunately, the very same pole-face of squirrel-cage that provides the machine with its 
starting torque is instrumental in damping the oscillation. Its effectiveness in doing this, 
however, depends upon the resistance of the squirrel-cage; the lower the resistance the 
stronger is the damping action. But since a high squirrel-cage resistance is necessary, if 
the synchronous motor is to have a good starting torque, it is customary to employ a 
compromise value for a cage. The term amortisseur is generally applied to the squirrel- 
cage in connection with its damping action. This damping action results becasue by Lenzs 
any change in flux linking the amortisseur as it attempts to oscillate back and forth causes 
a current to flow in the cage; this current then flows in such a direction as to oppose a 
change in the flux that normally links the armature and the rotor. 


15.12. COMPARISON BETWEEN SYNCHRONOUS AND INDUCTION MOTORS 


S.No. 

Synchronous motor 

Induction motor 

1 . 

It is inherently not self-starting and some 

external means are required for its starting. 

Dowr 

It has got self-staring torque and no special 

means are required for starting. 
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S.No. 

Synchronous motor 

Induction motor 

2 . 

RequiresD.C. excitation. 

Does not require D.C. excitation. 

3. 

Speed control not possible. 

Speed can be controlled but to small extent. 

4. 

Its average speed is constant and independent 
of load. 

Its speed falls with the increase in load and 
is always less than synchronous speed. 

5. 

It can be operated under a wide range of power 
factors, both lagging and leading. 

It operates at only lagging power factor, 
which becomes very poor at light loads. 

6 . 

Its torque is less sensitive to change in supply 
voltage. 

Its torque is more sensitive to change in 
supply voltage. 

7. 

Breakdown torque is proportional to the supply 
voltage. 

Breakdown torque is proportional to the 
square of the supply voltage. 

8 . 

More complicated and more costly comparatively. 

More simple and less costly comparatively. 

9- 

Employed for supplying mechanical load as well 
as for power factor improvement. 

Employed for supplying mechanical load 
only. 


WORKED EXAMPLES 


Example 15.1. All kV } 3-phase star-connected synchronous motor draws a current of 
45 A. The effective resistance and synchronous reactance per phase are 0.9 Hand 28 Q respectively. 
Calculate the power supplied to the motor and induced e.m.f. for a power factor of: 

(i) 0.8 lagging (ii) 0.8 leading. 


Solution. Supply voltage/phase 

Current drawn, 

Effective ressitance/phase, 
Synchronous resistance/phase, 
Synchronous impedance/phase, 


E l 11x1000 


= 6351 V 


/= 45 A 
R a = 0.9 a 
x s = 28 Q 


= iK + X* = V(0.9) 2 + (28) 2 = 28Q (app.) 


or 


X 9*> 

tan0 = ^- = —= 31.111 
Ra 0.9 


Impedance drop/phase, 

( i ) 0.8 p.f. lagging : 
cos <j) = 0.8 

(j» = cos" 1 0.8 = 36.9° 

Power supplied to the motor 

= -j3E]J L COS(j) 

= 73x11000x45x0.8 
= 685892 or 685.892 kW. (Ans.) 
Refer Fig. 15.14. 

Induced e.m.f./phase, 


0 = 88 . 1 ° 

E r = IZ S = 45 x 28 = 1260 V 

M 



E h = Jv 2 + Ef - 2 VE r cos(6 - <}>) 


I s 4 5 A 
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15.15 


= V(6351) 2 + (1260) 2 - 2x6351xl260x cos(88.1°-36.9°) 

= 5647.5 V 

\ Induced line e.m.f. = V3 x 5647.5 = 9781.7 V (Ans.) 

(i ii) 0.8 p.f. leading : 

Power supplied to the motor 

s &E l I l cos (j) = \/3 x 11000 x 45 x 0.8 
= 685892 W or 685.892 kW. (Ans.) 

Refer Fig. 15.15. 

Induced e.m.f./phase, 

E b = /V 2 + Ef - 2 VE r cos(0 + V) 
l(6351) 2 +(1260) 2 



y - 2 x 635 lx 1260 cos( 88.1°+36.9° 

= 7148.6 V 

Induced line e.m.f. = -Js x 7148.6 = 12381.7 V. (Ans.) 

Example 15.2. The synchronous reactance per phase of a 3-phase star-connected 6600 V 
synchronous motor is 20 Q. For a certain load input, the input is 915 kW at normal voltage and 
the induced line e.m.f. is 8942 V. Neglecting resistance } determine : 

(i) line current and (ii) power factor . 

Solution. Synchronous reactance/phase, X s = 20 Q 
Input to motor =915kW 

Supply phase voltage, V = = 3810 V 

v3 


Induced e.m.f./phase, - 


8942 


= 5163 V 


NT 

Resistance, R a - 0 

Since induced e.m.f. is greater than the supply voltage , therefore the motor must be 
operating with a leading power factor. 

Since power input = >/3 VjJi, cos<() = 4sv l i COS(j) 

[ In star-connection : phase current = line current] 

, T , power input 915x1000 
43V l V3x 6600 
= 80 A 
Internal angle, 

= tan -1 — = tanoo = 90° 


0 = tan 1: 

Ra- 

Impedance drop, 


0 


E r = IZ S = I fig ~ X 2 = / Vo 2 + 20 2 
= 201 

Refer Fig. 15.16. 
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From right angle ALMN, we have 

LM 2 = LN 2 + AfN 2 

( 5163) 2 = LN 2 + (E r cos <|>) 2 = LN 2 + ( 20 / cos <t >) 2 

= LN 2 + (20 x 80) 2 [ / cos <j) = 80 A....calculated above] 

LN 2 — (5163) 2 — (1600) 2 
LN = 4909 V 

But ON =LN-OL = 4909 - 3810 = 1099 V 

Now E r = (OM) = J(ON) 2 + M 1 V 2 = Va099) 2 + ( 20 x 80) 2 = 1941 V 

(t) Line current, /^ = phase current, I 


Er ■ 


1941 

20 


= 97.05 A. (Ans. 


) 


(») Power factor, cos <j> = = -M- =0.8243 (leading). Ans. 

[(j) = cos " 1 0.8243 = 34.5°] 

Example 15.3. A 6.6 kV s tar-connected, 3-phase synchronous motor works at constant 
voltage and constant excitation. Its synchronous reactance is 20 Q per phase, neglect resistance. 
When the input is 1000 kW, the power factor is 0.8 leading. Find the power factor when the input 

is increased to 1500 kW. 

, xr 6.6x1000 _ qqia V- Y = 900' 
Solution. Giueji: Supply voltage per phase, V =-- d8iu v, A s wu. 


Internal angle,0 = tan tan H 00 ) - 90° 

When the input is 1000 kW at 0.8p.f. leading : Refer Fig. 15.17. 

,, , t r 1000X1000 _ ,nn or A 

Armature current/phase, / = ^ x6600xa8 ' 109 35 

cos <j> = 80, .-. 4» = cos -1 (0.8) = 36.87° 

Impedance drop per phase, E r = IZ S = 109.35 x 20 = 2187 V 


( Z=X=20Q) 




Fig. 15.17. 


Fig. 15.18. 
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Now, 


E b = fv~ 2 + E} - 2 VE r cos(0'+ <j>) 

= V(3810) 2 + (2187) 2 -2x3810x2187xcos(90° +36.87°) 


= 5431 V 

When the input is increased to 1500 kW; Refer Fig. 15.18. 

Now when the load on the machine is increased, the angle of retardation a will increase. 
The phasor diagram is shown in Fig. 15.18. 

The excitation (5413 V per phase) as well as supply voltage (per phase) remain constant 
in this case. 

Now, ' 1500 x 1000 = V3 V L I' cos <(>' (where V = new armature current) 

1500x1000 0 A 

r cos<j)' = —-= 131.2 A 

v3 x 6600 

Impedance drop per phase, E' = I f X s = 20/' 

In DLMN of phasor diagram shown in Fig. 12.17, we have 

LM^MA^ + LiV 2 


or 


or 


= V( 5413) 2 -(20X131.2) 2 = 4734.5 V 
ON = LN - LO = 4734.5 - 3810 = 924.5 V 

E' T = JMN 2 +0N 2 = ^/(20x 131.2) 2 + (924.5) 2 = 2782 V 


!’ = & = 2782 =139J A 


Power factor. 


COS <j)' = 


20 

I'eosf' 131.2 


139.1 


= 0.943 (leading). (Ans.) 


Example 15.4. A 75 kW, 400 V, 4-pole, 3-phase f star-connected synchronous motor has a 
resistance and synchronous reactance per phase of 0.04 Oand 0.4 Q respectively. Compute for 
full load 0.8 p.f. lead the open-circuit e.m.f. per phase and gross mechanical power developed. 
Assume an efficiency of 92.5%. 

Solution. Given : Motor output = 75 kW; V L = 400 volts, 

R a = 0.04 Q, x s = 0.4 Q, cos <i> = 0.8 (led); ti = 92.5% 

Open-circuit e.m.f., E b : 

Phase voltage, V = = 230.9 V 

V3 

cos <j) = 0.8, <j> = cos' 1 (0.8) = 36.87° and sin = sin (36.87°) = 0.6 


Motor input 


motor output 
11 

7'K 

—^- = 81.081 kW or 81081W 
0.925 
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Armature current, / = 


= 81081 =146.3 A 

V3x400x0.8 


, = /Z,= 46.3^+X, 2 


= 46.3^/(0.04) 2 + (0.4) 2 


= 58.81V 

'*w\ 

_ X s _ 0.4 _ jq 

(j'X 

Ra 0.04 

\/V'- 


r J= 146.3 A 


= 36.87* 


Internal angle 0 = tan -1 (10) = 84.3° 

The vector diagram is shown in Fig. 15.19. 


O 230.9 v 

Fig. 15.19. 


E b = jv~ 2 + E? - 2 VE r cos(0 + <|>) 


= -J(230.9) 2 +(58.81) 2 - 2x230.9x58.81cos(84.3°+36.87°) 

= V53314.8 + 3458.62 +14056.65 = 266.14 V. (Ans.) 

Gross mechanical power developed : 

Gross mechanical power developed for all 3 phases. 

^mech) gross “ ^in ” &PR a 

= 81081 - 3 x (146.3) 2 x 0.04 

= 78512 W or 78.512 kW. (Ans.) 

Example 15.5. A 6-pole 2200 V, 50 Hz, 3-phase, star-connected synchronous motor has 
armature resistance of 0.4 Qper phase and synchronous reactance of 4 Q/phase. While running 
on no-load, the excitation has been adjusted so as to make the e.m.f. numerically equal to and 
antiphase with the terminal voltage. With a certain load torque applied, if the rotor gets retarded 
by 3 mechanical degrees, calculate: 

(i) Armature current, and (ii) Power factor of the motor. 


Solution. Supply voltage/phase 

Number of poles, 

Armature resistance/phase, 
Synchronous reactance/phase, 
Load angle, 

Induced e.m.f., E^/phase 
Load angle 


2200 


p = 4 


=1270 V 


R a = 0.4 Q 
X S = 4Q 


a = 3 mechanical degrees 


= 1270 V 



( angle of retardation in 
^ mechanical degrees 


—x3 = 9° 
2 


Synchronous impedance/phase. 


Z s = + X 2 = V(0.4) 2 + (4) 2 = 4.02Q 
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15.19 


Internal angle, 
Refer Fig. 15.20. 

M 


0 = tan l — = tan' 1 -^- = 84 3° 
Ra 0.4 



In A OLM, 


Input current, 
Again in A OLM, 


Fig. 15.20. 

E r = jEj; + V 2 -2VE b cos a 

= /( 1270) 2 +(1270) 2 -2x 1270x1270cos9° 

= Vl6 12900+ 1612900-3186085 = 199.3 V 


E b 


/ = J g L= 199 1 3 = 4 g 6 A 
Z s 4.02 

E r 


sin(0-<j)) sin 9° 
1270 199.3 


sin( 84.3° -Hj)) sin 9° 


or sin (84.3° + <(>) =** x sin 9° = 0.9968 

84.3° + = 85.4 

<►= 1.1° (lead) 

Power factor, cos <|> = cos 1.1° = 0.9998 (lead). (Ans.) 

Example 15.6. A 15 kW, 3-phase , 400 V, star connected synchronous motor operating on 
full-load from infinite bus-bar, has its excitation so adjusted that power is 0.8 lagging. Load being 
kept constant , excitation is now increased by 25%. Synchronous reactance is 1.0per unit. Find 
the new power factor. 

Solution. Motor output 

Supply voltage/phase 

Synchronous reactance 

Since per unit reactance 

Synchronous reactance drop, 


= 15 kW or 15000 W 

= 400/V3 = 231 
= 1.0 per unit 

V 

IX ~ Vx per unit reactance = 231 x 1 = 231 V 
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Neglecting armature resistance,. 

Impedance drop/phase, E r = IZ S = IX = 231 V 

Internal angle, 0 = 90° 

Power factor, cos <(> = 0.8 

0 = cos* 1 (0.8) = 36.9° 

Refer Fig. 15.21. E* = V 2 + E r 2 - 2 VE r cos (0 - <j>) 

= (231) 2 + (231) 2 - 2 x 231 x 231 cos (90 - 36.9°) 
= 53361 + 53361-64078 
E b = 206.5 V 

M 



When excitation is increased by 25% 

E b ' = 1.25X206.5 = 258 V 

Let the phase angle between phase voltage V and the current I be <|)\ Let the new current 

bel r . 

As load remains the same and since supply voltage is same so active component of current 
drawn from the 3-phase A.C. supply would remain the same. 

/'cos <)>'=/ cos (j> = 0.87 

and impedance drop/phase,. E r * .= TZ - TX 

and E r ’ cos <(>' = TXc os <))' = /cos $ x X= 0.8 IX = 0.8 x 231 = 184.8 V. 
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SYNCHRONOUS MOTORS 
Refer Fig. 15.22. 

M 



15.21 


In ALOM , 


Again from ALOM , 


Fig. 15.22. 


Eb = 

sin a' sin(90-<()') 


E 

sina' = ——xsin(90 - cj)') = 

E' b 

a' = 45.7° 


E t cos(|>' 


E’b 


184.8 

258 


Er =p 2 +El-2VE b cosa 

= V(231) 2 + (258) 2 - 2x231x258 cos 45.7° 
= -y/53361 + 66564 - 83248 = 191.5 V 


E b cos<()' 184.8 

.. New power factor, cos (J>' =-;-=-= 0.965 (lagging). (Ans.) 

E 191.5 

Example 15.7. (a) A 220 V , delta connected 50 Hz synchronous motor has a synchronous 
reactance of ^.5 ohms and negligible armature resistance. Its friction and windage losses are 1.5 
kW and its core losses are 1.0 kW. The shaft is supplying a 22.5 kW load. Find the load angle. 
Induced e.m.f. in the stator winding is 255 V. 

(b) A synchronous motor is connected to an a^5 Prefill 3 ee rmg^nef an< ^ 














Downloaded From : www.EasyEngineering.net 


15.22 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


operates at unity power factor. If the field current is increased, explain what happens to the 
following: 

(i) The magnitude of resultant flux wave; 

(ii) The magnitude of armature current and its power factor; 

(iii) Rotor current will move away from resultant m.m.f. wave or towards it; 

(iv) Space angle between armature m.m.f. and resultant air gap m.m.f. 

Solution, (a) Given : Supply phase voltage = 220 V; X s = 2.5 Q; 

friction and windage losses = 1.5 kW; core losses = 1.0 kW; 
shaft load = 22.5 kW; E h = 255 V 

Load angle a : 

For a synchronous motor expression for power developed ( R a neglected) is given by 


phase = 


[Eqn. (6.4)] 


°mech = s h a ft l° ac l + core losses + friction and windage losses 
= 22.5 + 1.0+ 1.5 = 25 kW 


P meJ P haSe = 


25x1000 25000 


mech g ^ 

Substituting the value in the above eqn., we get 
25000 255x220 


W. 


2.5 


-x(sina) 


or 


sina - 


25000x2.5 


= 0.3714 


3x255x220 

a (i.e., load angle) = sin -1 (0.3714) = 21.8°. (Ans.) 

(b) (i ) For a synchronous motor connected to infinite bus and supplying constant torque 
operating at unity power factor, when field current is increased, the machine becomes over-excited. 
The operating torque being constant, the reactive component of armature current and hence the 
armature current increases, resulting into increase in armature m.m.f. The field m.m.f. also 
increases but the increase in armature m.m.f. is more and hence the magnitude of resultant flux 
wave will increase. 

(ii) The magnitude of armature current as discussed above will increase with increase in 
excitation and because of over excitation the power factor will become leading p.f. 

(iii) Rotor current will move towards the resultant m.m.f. wave because the resultant flux 
wave moves towards the leading p.f. side resulting into reduction of angle between rotor current 
and m.m.f wave. 

(iv) Space angle between armature m.m.f. and resultant air gap m.m.f. will also decrease 
because resultant flux wave moves towards the air gap m.m.f. 

Example 15.8. A 3-phase, 415 V, 6-pole, 50 Hz star-connected synchronous motor has e.m.f. 
of 520 (L-L). The stator winding has a synchronous reactance of 20. per phase, and motor develops 
a torque of 220 N-m. The motor is operating at 415 V, 50 Hz bus. 

(i) Calculate the current drawn from the supply and its power factor; 

(ii) Draw the phasor diagram showing all the relevant quantities. 


415 


Solution. Given : V (phase voltage) = = 239.6 V; p = 6; 


(GATE, 1992) 


520 


f = 50 Hz; E b (per phase) = = 300 V; 
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SYNCHRONOUS MOTORS 


15.23 


or 


or 


X s = 2 Q/phase, torque developed = 220 N-m. 

( i ) I and cos <)>: 

Synchronous speed of motor, N s = - 1 . 20 x 50 _ ^qqq r .p.m. 

P 6 


Total power developed, 3 P mec h = 


Power developed per phase = 


Tx 2nN s 220x2nxl000 


60 

23028 


60 


= 23038 W 


= 7679 W 


Synchronous impedance per phase, Z s = 2Z90° Q 
Power developed per phase is given as, 

El 


Pmech = cos(0 - a) - —^-COS 0 


Z, 

E b V . 

= —^—sin a 

= J^sinct = 7679 
Z x 


sin a = 


7679 xZ. 7679x2 


= 0.2137 



E b V 300x239.6 
a = sin- 1 (0.2137) = 12.34° 

From phasor diagram shown in Fig. 15.23, we have 


E r = <Je% + V 2 - 2E{,V cosa 


= ■[( 300) 2 + (239.6) 2 - 2x 300x 239.6 x cos 12.34° 

= 83.48 V 

Current drawn per phase, 

I = E jl= &T 48 = 41.74 A. (Ans.) 

Z s 2 

Again from phasor diagram, we have 

Eb _ E r 

sin(0 <t>) sin a 

or sin(8 + (t>) = -^^-= 300sm - 2 ' — ° =0.768 
E r 83.48 

0 + <j) = sin -1 (0.768) = 129.87° (since E b > V y power factor will be leading one) 
or 0 = 129.87° - 0 = 129.87 - 90° = 39.87° (leading) 

Power factor, cos <J) = cos (39.87°) = 0.768 leading. (Ans.) 

(ii) Phasor diagram: 

Phasor diagram assimilating all the relevant quantities is shown in Fig. 15.23. 
Example 15.9. A 3-phase synchronous motor absorbing 60 kW is connected in parallel 
with a factory load of 240 kW having a lagging power factor of 0,8, If the combined load has a 
p.f, of 0.9, what is the value of the leading kVAR supplied by the motor and at what power factor 
is it working ? (Madras University) 

Solution. Given ; Factory load, P L = 240 kW; cos = 0.8; 
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, 15.24 ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

synchronous motor load, P m = 60 kW; 

Combined power factor, cos <|> = 0.9 (or (f> = cos -1 0.9 = 25.84°). 



Value of leading kVAR : 

Factory load kVAR, Q L = 240 tan (j) = 240 tan (cos -1 0.8) = 180 kVAR 

Total load P = P L + P M = 240 + 60 = 300 kW 

Combined kVAR, Q = P tan <|> = 300 tan (cos -1 0.9) = 145.3 kVAR (lag) 

Leading kVAR supplied by motor, Q M = Q L - Q = 180 - 145.3 = 34.7 kVAR (Ans.) 

kVA supplied by the motor = +Qm 

= V(60) 2 + (34.7) 2 = 69.3 kVAR. (Ans.) 

60 

Power factor of motor, cos <b = = 0.866 (leading). (Ans^) 

69.3 

OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer : 

15.1. Synchronous motors are generally not 
self-starting because 

(a) the direction of rotation is not fixed 
x(&) the direction of instantaneous 
torque reverses after half cycle 

(c) startes cannot be used on these 
- machines 

(d) starting winding is not provided on 
the machines 

15.2. In case one phase of a three-phase 
synchronous motor is short-circuited 
the motor will 


J fPf not start 
2 

(6) run at — of synchronous speed 

o 

(c) run with excessive vibrations 
(i d) take less than the rated load 

15.3. A pony motor is basically a 
Ipp 'small induction motor 

(b) D.C. series motor 

(c) D.C. shunt motor 

(d) double winding A.C./D.C. motor 

15.4. A synchronous motor can develop 
synchronous torque 
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SYNCHRONOUS MOTORS 

(а) when under loaded 

(б) while over-excited 

deFonly at synchronous speed 
{d) below or above synchronous speed 

15.5. A synchronous motor can be started by 

(a) pony motor 

(b) D.C. compound motor 

(c) providing damper winding 
*J&rany of the above 

15.6. A three-phase synchronous motor will 
have 

(a) no slip-rings ( b ) one slip-ring 

^ two slip-rings ( d) three slip-rings 

15.7. Under which of the following conditions 
hunting of synchronous motor is likely 
to occur ? 

dW Periodic variation of load 
(6) Over-excitation 

(c) Over-loading for long periods 

(d) Small and constant load 

15.8. When the excitation of an unloaded 
salient pole synchronous motor sud¬ 
denly gets disconnected 

<GtHhe motor stops 

( b ) it runs as a reluctance motor at the 
same speed 

(c) it runs as a reluctance motor at a 
lower speed 

id) none of the above 

15.9. When V is the applied voltage, then the 
breakdown torque of a synchronous 
motor varies as 

4tr) V (b) V 3/2 

(< c)V 2 (d) 1/V 

15.10. The power developed by a synchronous 
motor will be maximum when the load 
angle is 

(a) zero (6) 45° 

0^90° (d) 120° 

15.11. A synchronous motor can be used as a 
synchronous capacitor when it is 

(a) under-loaded (6) over-loaded 
- (c) under-excited fc£K>ver-excited 

15.12. A synchronous motor is running on a 
load with normal excitation. Now if the 
load on the motor is increased 

(a) power factor as well as armature 
current will decrease 


(6) power factor as well as armature 
current will increase 

(c) power factor will increase but arma¬ 
ture current will decrease 

t^D-power factor will decrease and ar¬ 
mature current will increase 

15.13. Mostly, synchronous motors are of 

(а) alternator type machines 

(б) induction type machines 
jjpb salient pole type machines 

(d) smooth cylindrical type machines 

15.14. The synchronous motor is not in¬ 
herently self-starting because 
tigX&he force required to accelerate the 

rotor to the synchronous speed in an 
instant is absent 

(6) the starting device to accelerate the 
rotor to near synchronous speed is 
absent 

(c) a rotating magnetic field does not 
have enough poles 

(d) the rotating magnetic field is 
produced by only 50 Hz frequency 
currents 

15.15. As the load is applied to a synchronous 
motor, the motor takes more armature 
current because 

(a) the increased load has to take more 
current 

\J&r the rotor by shifting its phase back¬ 
ward causes motor to take more 
current 

(c) the back e.m.f. decreases causing 
an increase in motor current 

(d) the rotor strengthens the rotating 
field casuing more motor current 

15.16. Synchronous motor always runs at 
v_ia)-the synchronous speed 

( b ) less than synchronous speed 

(c) more than synchronous speed 

(d) none of the above 

15.17. An over-excited synchronous motor 
takes 

leading current 
(6) lagging current 
(c) both (a) and (6) 

(cO none of the above 
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15.18. The working of a synchronous motor is 
similar to 

(a) gear train arrangement 
dfo transmission of mechancial power 
by shaft 

(c) distribution transformer 

(d) turbine 

(e) none of the above 

15.19. The minimum armature current of the 
synchronous motor corresponds to 
operation at 

(а) zero power factor leading 
unity power factor 

(c) 0.707 power factor lagging 

(d) 0.707 power factor leading 

15.20. In a synchronous motor, the magnitude 
of stator back e.m.f. E & depends on 
'(erTd.c. excitation only 

(б) speed of the motor 
(c) load on the motor 

{d) both the speed and rotor flux 

15.21. If load (or torque) angle of a 4-pole 
synchronous motor is 6° electrical, its 
value in mechanical degrees is 

(а) 2 JbW 

(c) 4 {d) 6 

15.22. For V-curves for a synchronous motor 
the graph is drawn between 

v( 9 >field current and armature current 

(б) terminal voltage and load factor 

(c) power factor and field current 

(d) armature current and power factor 

15.23. The back e.m.f. of a synchronous motor 
depends on 

(a) speed (6) load 

load angle ( d ) all of the above 

15.24. When V is the supply voltage and R is 
the rotor resistance per phase, the 
mechanical power developed by the 
synchronous motor will be proportional 
to 


< 

v 2 

, v R 
(c) 

(d)^ 

V 2 

R 2 


15.25. In a synchronous motor which loss 
varies with load ? 


(a) Windage loss 

(b) Bearing friction loss 
>(cECopper loss (d) Core loss 

15.26. A synchronous motor can be made self¬ 
starting by providing 

(а) damper winding on rotor poles 

(б) damper winding on stator 

(c) damper winding on stator as well as 
rotor poles 

lone of the above 

15.27. The oscillations in a synchronous motor 
can be damped out by 

(a) maintaining constant excitation 

(b) running the motor on leading power 
factors 

v^L-providing damper bars in the rotor 
pole faces 

(d) oscillations cannot be damped 

15.28. The shaft of synchronous motor is made 
of 

\Jo)mrild steel (6) chrome steel 

(c) alnico (d) stainless steel 

15.29. When the field of a synchronous motor 
is under-excited, the power factor will 
be 

(a) leading lagging 

(c) unity (d) zero 

15.30. The speed regulation of a synchronous 
motor is always 

(a) 1% (b) 0.5% 

(c) positive \Jd) zero 

15.31. The percentage slip in case of a syn¬ 
chronous motor is 

(a) 1% (6) 100% 

(c) 0.5% idfae ro 

15.32. The operating speed of a synchronous 
motor can be changed to new fixed 
value by 

(а) changing the load 

(б) changing the supply voltage 
((£>changing frequency 

(d) using brakes 

15.33. A synchronous motor will always stop 
when 

(а) supply voltage fluctuates 

(б) load in motor varies 

excitation winding gets disconnected 
(d) supply voltage frequency changes 
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15.34. Hunting in a synchronous motor takes 
place 

(a) when supply voltage fluctuates 
^h^when load varies 
(c) when power factor is unity 
(< d ) motor is under loaded 

15.35. When load on an over-excited or under¬ 
excited synchronous motor is increased, 
rate of change of its armature current 
as compared with that of power factor 
is 

(a) more '(&Hess 

(c) equal ( d ) twice 

15*36. The rotor copper losses, in a synchro¬ 
nous motor, are met by 
v^Ed.c. source (6) armature input 
(c) motor input ( d ) supply lines 

15.37. The maximum power developed in a 
synchronous motor occurs at a coupling 
angle of 

(a) 30° (i b ) 60° 

<c)-90° (d) 180° 

15.38. When the stator windings are con¬ 
nected in such a fashion that the num¬ 
ber of poles are made half, the speed of 
the rotor of a synchronous motor " 

(а) remains same as the original value 

(б) decreases to half the original value 
(c) tends to becomes zero 
dxiHncreases to two times the original 

value 

15.39. In which of the following motors the 
stator and rotor magnetic field rotate 
at the same speed ? 

(a) Universal motor 
c(hH3ynchronous motor 

(c) Induction motor 

(d) Reluctance motor 

15,4(h Synch ron sizing power of a synchronous 
machine is 

(a) direcly proportional to the synchro¬ 
nous reactance 

>(&Hnversely proportional to the syn¬ 
chronous reactance 

(c) equal to the synchronous reactance 

(d) none of the above 

15.41. Synchronous motors are 

ot-self starting 


(b) self-starting 

(c) essentially self-starting 

(d) none of the above 

15.42. The standard full-load power factor 
ratings for synchronous motors are 

(а) zero or 0.8 leading 

(б) unity or 0.8 lagging 
^eiEunity or 0.8 leading 
(d) unity or zero 

15.43. A synchronous motor running with 
normal excitation adjusts to load in¬ 
creases essentially by increase in 

(a) back e.m.f. 
c^Harmature current 
(c) power factor (d) torque angle 

15.44. A synchronous motor has better power 
factor as compared to that of an equi¬ 
valent induction motor. This is mainly 
because 

(a) synchronous motor has no slip 
\f£E-stator supply is not required to 
produce magnetic field 
( c ) mechanical load on the rotor remains 
constant 

{d) synchronous motor has large air- 
gap 

15.45. A synchronous motor working at leading 
power factor can be used as 

(a) voltage hooster't&JTphase advancer 

(c) noise generator 

(d) mechanical synchronizer 

15.46. Slip rings are usually made of 
(a) carbon or graphite 

brass or steel 

(c) silver or gold 

(d) copper or aluminium 

15.47. An over-excited synchronous motor is 
used for 

(а) fluctuating loads 

(б) variable speed loads 
(c) low torque loads 

\id)r power factor corrections 

15.48. When the voltage applied to a syn¬ 
chronous motor is increased, which of 
the following will reduce ? 

(a) Stator flux ( b ) Pull in torque 

(c) Both (a) and (6) 
j(<f)-None of the above 
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15.49. The speed of the synchronous motor 

(а) increases with increase in load 

(б) decreases as load increases 

(c) varies with power factor 

^efTalways remains constant 

15.50. Dust and dirt accumulation on motor 
winding will result in 

rise in winding temperature 
(6) increased core losses 

(c) shorting of coils 

(d) eddy current flow 

15.51. The efficiency of a properly designed 
synchronous motor will usually fall in 
range 

(a) 60 to 70% (6) 75 to 80% 

v^T35 to 95% {d) 99 to 99.5% 

15.52. To limit the operating temperature an 
electrical machine should have proper 

(а) voltage rating ^(dXcurrent rating 

(c) power factor ( d ) speed 

15.53. Slip-rings in a synchronous motor carry 
\4flrfdirect current 

(б) alternating current 

(c) no current 

(d) all of the above 

15.54. A synchronous machine with large air 
gap has 

(a) a higher value of stability limit 
0 b ) a small value of inherent regulation 

(c) a higher synchronizing power which 
makes the machine less sensitive to 
load variations 

VJ^all of the above 

15.55. The armature current of the synchro¬ 
nous motor has higher values for 

(а) high excitation only 

(б) low excitation only 
Ue^both (a) and ( b ) 

(d) none of the above 

15.56. In a synchronous motor running with 
fixed excitation, when the load is in¬ 
creased three times, its torque angle 
becomes approximately 

(a) one-third (b) twice 

M<Tthrice (d) six times 

(e) nine times 

15.57. The angle between the rotating stator 

flux and rotor poles is called.angle. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

Efctftorque ( b ) obtuse 

(c) synchronizing (d) power factor 

15.58. Which of the following methods is used 
to start a synchronous motor ? 

(а) Damper winding 

(б) Star-delta starter 
^tcT~Damper winding in conjunction with 

star-delta starter 

(d) Resistance starter in the armature 
circuit 

15.59. When the rotor speed, in a synchronous 
machine, becomes more than the syn¬ 
chronous speed during hunting, the 
damper bars develop 

(a) inductor motor torque 
^&)4nduction generator torque 

(c) synchronous motor torque 

(d) d.c. motor toque 

( e ) none of the above 

15.60. An important advantage of a synchro¬ 
nous motor over wound round induc¬ 
tion motor is that 

\[aXits power factor may be varied at 

will 

(b) its speed is independent of supply 
frequency 

(c) its speed may be controlled more 
easily 

(d) none of the above 

15.61. The mechanical displacement of the 

rotor with respect to the stator, in poly- . 
phase multipolar synchronous motors 
running at full load, is of the order of 
(a) zero degree (b) two degrees 

4^-Hve degrees id) ten degrees 

15.62. Power factor of a synchronous motor is 
unity when 

(a) the armature current is maximum 
<Z*Mhe armature current is minimum 

(c) the armature current is zero 
id) none of the above 

15.63. Change of D.C, excitation of a synchro¬ 
nous motor changes 

(a) applied voltage of the motor 

( b) motor speed 

power factor of power drawn by the 
motor 

(d) any of the above 

( e) all of the a' i ove 
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15.64. While starting a synchronous motor by 
induction motor action, field winding is 
usually 

(a) connected to D.C. supply 
. (.(Zh-short-circuited by low resistance 

(c) kept open-circuited 

(d) none of the above 

15.65. Which of the following motors will be 
used in electric clocks ? 

(a) D.C. shunt motor 

(b) D.C. series motor 

(c) A.C. induction motor 
defy A.C. synchronous motor 

15.66. If in a synchronous motor, driving 
mechanical load and drawing current 
at lagging power factor from constant 
voltage supply, its field excitation is 
increased, then its power factor 

(a) become more 
^Hrccome less 

(c) remain constant 

(d) none of the above 

15.67. A synchronous motor installed at the 
receiving end substation operates with 
such an excitation that it takes power 
at lagging power factor. Now if the ap¬ 
plied voltage of the synchronous motor 
goes down, the power factor of the 
synchronous motor will 

(a) remain same (6) go down 
vic)-knprove 
(d) none of the above 

15.68. While starting a salient pole synchro¬ 
nous motor by induction motor action 
and connecting field discharge resis¬ 
tance across field, starting and ac- 
celerting torque is produced by 

(a) induction motor torque in field 
winding 

(b) induction motor torque in damper 
winding 

(c) eddy current and hysteresis torque 
in pole faces 

(d) reluctance motor torque due to 
saliency of the rotor 

derail of the above methods 

15.69. Armature of a synchronous machine is 
kept fixed because 


15.29 

(а) of reducing number of slip rings on 
the rotor 

(б) armature is associated with large 
power as compared to the field cir¬ 
cuits 

(c) of difficulty of providing high volt¬ 
age insulation on rotor 
all of the above reasons 

15.70. If excitation of a synchronous motor 
running with a constant load is 
decreased from its normal value, ignor¬ 
ing effects of armature reaction, it 
leads to 

tJ[aHiicrease in both armature current 
and power factor angle 
(6) increase in back e.m.f. but decrease 
in armature current 
(c) increase in both armature current 
and power factor which is lagging 
increase in torque angle but decrease 
in back e.m.f. ' 

15.71. When a 3-phase synchronous gene¬ 
rator is supplying a zero potoer factor 
lagging load, the armature field affects 
the main field in the following way 

Hlfet) augments it directly 

t^fc^directly opposes it 

(c) cross-magnetises it 

(d) none of the above 

15.72. Stability of a synchronous machine 

(а) decreases with increase in its ex¬ 
citation 

^(bh increases with increase in its ex¬ 
citation 

(c) remains unaffected with increasein 
excitation 

(d) any of the above 

15.73. The power factor of a synchronous 
motor is better than that of induction 
motor because 

(fl^etator supply is relieved of respon¬ 
sibility of producing magnetic field 

(б) mechanical load on the motor can 
be adjusted 

(c) synchronous motor runs at syn¬ 
chronous speed 

(d) synchronous motor has large air 
gap 
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15.74. If in a synchronous motor, driving a 
given mechanical load and drawing 
current at a leading power factor from 
constant voltage supply its field excita¬ 
tion is increased, its power factor 

(a) will become more 
^JkEwill become less 

(c) will remain unchanged 

(d) none of the above. 

15.75. A synchronous motor is running with 
normal excitation. When the load is 
increased, the armature current drawn 
by it increases because 

(a) speed of the motor is reduced 
(6) power factor is decreased 

(c) Eb (back e.m.f.) becomes less than V 
(applied voltage) 

y&TE r (net resultant voltage) in arma¬ 
ture is increased 

( e ) none of the above 

15.76. If one-phase of a 3-phase synchronous 
motor is short-circuited, motor 

vj(o) will refuse to start 

(b) will overheat in spots 

(c) will not come upto speed 

(d) will fail to pull into step 

15.77. If the field circuit of an unloaded salient- 
pole synchronous motor gets suddenly 
open-circuited, then 

(а) it runs at a slower speed 
*-(&) the motor stops 

(c) it continues to run at the same 
speed 

{d) it runs at a very high speed 

15.78. In which of the following motors the 
stator and rotor fields rotate simul¬ 
taneously ? 

. (a) D.C. motor 

(б) Reluctance motor 

(c) Universal motor 
Synchronous motor 

( e ) Induction motor 

15.79. The speed of a synchronous motor 

(a) increases as the load increases 

( b ) decreases as the load decreases 
always remains constant 

(d) none of the above 


15.80. A rotory converter can also be run as a ™ 

(a) d.c. shunt motor 

(b) d.c. series motor 

(c) d.c. compound motor 
id) induction motor 

^^synchronous motor 

15.81. The maximum speed variation in a 3. ‘ 
phase synchronous motor is 

(a) 10 per cent (b) 6 per cent 

(c) 4 per cent (d) 2 per cent 

^Tzero 

15.82. Which of the following resistances can 
be measured by conducting insulation - 
resistance test on a synchronous motor ? 

(a) Phase to phase winding resistance 

(b) Stator winding to earthed frame •. I 

(c) Rotor winding to earthed shaft 

ddr) All of the above | 

15.83. Due to which of the following reasons a 
synchronous motor fails to pull into 
synchronism after applying D.C. field 
current ? 

(а) High field current 

(б) Low short circuit ratio 
(c) High core losses 

^ELow field current 

16.84. In a synchronous motor, the maximum 
power developed depends on all of the 
following except 

(а) rotor excitation 

(б) maximum value of coupling angle 
\-(e) direction of rotation 

id) supply voltage 

15.85. In a 3-phase synchronous motor, the 
negative phase sequence exists when 
the motor is 

M«E supplied with unbalanced voltage 
(6) under-loaded 

(c) over-loaded 

id) none of the above 

15.86. In a synchronous motor, damper wind¬ 
ings are provided on 

(a) stator frame (6) rotor shaft 
ufeEpole faces 

(d) none of the above 

15.87. The induced e.m.f. in a synchronous 
motor working on leading power factor 
will be 


Downloaded From : www.EasyEngineering.net 


Downloaded From : www.EasyEngineering.net 


SYNCHRONOUS MOTORS 

4#Emore than the supply voltage 
(6) less than the supply voltage 
.. . (c) equal tq the supply voltage 
%5.88.' The ^ffecV of increasing the load on a 
synchronous motor running with nor¬ 
mal excitation is to 

(а) decrease both armature current 
and power factor 

(б) decrease armature current but in¬ 
crease power factor ^ 

increase armature current but 
decrease power factor 
(d) increase both its armature current 
a7a4jp owe r factor 

15.89. The nSt armature voltage of a synchro¬ 
nous motor is equal to the 

(а) vector sum of Eb and V 

(б) arithmetic sum of Eb and V 

(c) arithmetic difference of Eb and V 
ddh sector difference of Eb and V 

15.90. The ratio of starting torque to running 

torque in a synchronous motor is 
AoFzero (6) one 

(c) two (d) infinity 

15.91. In a synchronous motor, the magnitude 
of stator back e.m.f. Eb depends on 

(a) load on the motor 
dkr) d.c. excitation only 

(c) both the speed and rotor flux 

(d) none of the above 

15.92. A 3-phase synchronous motor is run¬ 
ning clockwise. If the direction of its 
field current is reversed 

(а) the motor will stop 

i(&F“the motor continue to run in the 
same direction 

(c) the winding of the motor will burn 

(d) the motor will run in the reverse 
direction 

(e) none of the above 

15.93. The magnitude of field flux in a 3-phase 

synchronous motor , . 

d&d remains constant at all ^oads 

(б) varies with speed 

(c) varies with the load 

(d) varies with power factor 

15.94. The tqrque angle, in a synchronous 
motor, is the angle between 


15.31 

(a) the supply voltage and the back 
e.m.f. 

(6) magnetising current and back e.m.f. v 
xlpF’the rotating stator flux and rotor 
poles ; 

(gO none of the above 

15.95. Hunting in a synchronous motor can¬ 
not be due to 

dd) windage friction 
(6) variable load 
(c) variable frequency 
{d) variable supply voltage 

15.96. By which of the following methods the 
constant speed of a synchronous motor 
can be changed to new fixed value ? 

By changing the supply frequency 

(b) By interchanging any two phases 

(c) By changing the applied voltage 

(d) By changing the load. 

15.97. In a synchronous motor, V-curves repre¬ 
sent relation between 

armature current and field current 
(6) power factor and speed 

(c) field current and speed 

(d) field current and power factor 

15.98. In a 3-phase, 4-pole, 50 Hz synchronous 
motor, the frequency, pole number and 
load torque all are halved. The motor 
speed will be 

(a) 3000 r.p.m. 't^H-SOO r.p.m. 

(c) 750 r.p.m. TT 

(d) none of the above 

15.99. A synchronous motor connected to in¬ 

finite bus-bars has at constant full load, 
100% excitation and unity power fac¬ 
tor. On changing the excitation only, 
the armature current will have ^ 

(а) no change of power factor 

(б) lagging power factor with over-ex- 
citation 

(c) leading power factor with under¬ 
excitation 

<WF-leading power factor with over-ex¬ 
citation 

15.100. Which of the following motors is non¬ 
self starting ? 

(a) D.C. series motor 
^feFsynchronous motor 
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15.101. 


15.102. 


15.103. 


15.104. 


15.105. 


15.106. 


15.107. 
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(c) Squirrel cage induction motor 

(d) Wound round induction motor 

in a synchronous motor it the back 
e.m.f. generated in the armature at no- 
load is approximately equal to the ap¬ 
plied voltage, then 

(a) the motor is said to be fully loaded 

(b) the torque generated is maximum 

(c) the excitation is said to be zero per 
cent 

vi#T the excitation is said to be hundred 
per cent 

In a synchronous motor, the damping 
winding is generally used to 
U^Tprevent hunting and provide the 
starting torque 
(6) reduce the eddy currents 
(c) provide starting torque only 
id) reduce noise level 

(e) none of the above 

If the field of a synchronous motor is 
under-excited, the power factor will be 
(a) zero (6) unity 

'-(^lagging (d) leading 

The back e.m.f. in the stator of a 
synchronous motor depends on 

(a) number of poles 

(b) flux density (e) rotor speed 

\ld) rotor excitation 

(e) none of the above 
The maximum value of torque that a 
synchronous motor can develop without 
losing its synchronism, is known as 

(a) slip torque (6) pull-out torque 

(c) breaking torque 

dd) synchronising torque 
In a synchronous motor, the armature 
current has large values for 
(cl) high excitation only 

(b) low excitation only 

both high and low excitation 

(d) none of the above 

Which of the following losses, in a 
synchronous motor, does not vary with 
load ? 

feT Windage loss (6) Copper losses 

(c) Any of the above 
(d} None of the above 


15.108. The size of a synchronous motor 
decreases with the increase in 

jfehflux density 

(b) horse power rating 

(c) speed 

(d) all of the above 

15.109. Which of the following losses is not 
dissipated by the stator core surface in 
a synchronous motor ? 

(a) Eddy current losses in the conduc¬ 
tors 

(b) Iron losses in the stator 

(c) Copper losses in the slot portion of 
the conductors 

fc^fWindage losses 

( e ) None of the above 

15.110. The duration of sudden snort-circuit 
test on a synchronous motor is usually 
about 

(a) one hour (6) one minute 

depone second 

(d) none of the above 

15.111. The maximum constant load torque 
under which a synchronous motor will 
pull into synchronism at rated rotor 
supply voltage and frequency is known 
as 

(а) pull-up torque 
\J i&f pull-in torque 

(c) pull-out torque 

(d) none of the above 

15.112. A synchronous machine with low value 
of short-circuit ratio has 

d&) lower stability limit 

(б) high stability limit 

(c) good speed regulation 

(d) good voltage regulation 

( e ) none of the above 

15.113. The construction of a synchronous motor 
resembles 

(а) a series motor 

(б) an induction motor 
dcf an alternator 

(d) a rotary converter 

15.114. If the field winding of an unloaded 
salient pole synchronous motor is open 
circuited, the motor will 

ufaE’stop 
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{b) run as induction motor 

(c) function, as static condenser 
(i d ) burn with dense smoke 
15.115* For power factor correction, synchronous 
motors operate at 

o-load and greatly over-excited 
fields 

( b ) no-load and under-excited fields 

(c) normal load with minimum excita¬ 
tion 

id) normal load with zero excitation 
15.116* The maximum torque which a synchro¬ 
nous motor will develop at rest for any 
angular position of the rotor, at rated 
stator supply voltage and frequency, is 
known as 

tlc^Hocked-rotor torque 
(6) synchronous torque 

(c) pull up torque 

( d) reluctance torque 

15.117. Exciters of synchronous machines are 
do^d.c. shunt machines 

(6) d.c. series machines 
(c) d.c. compound machines 
id) any of the above 

15.118. The coupling angle or load angle of 
synchronous motor is defined as the 
angle between the 

(a) rotor and stator teeth 
i^-rotor and the stator poles of opposite 
polarity 

(c) rotor and the stator poles of the 
same polarity 

( d ) none of the above 

15.119. If the synchronous motor, properly 
synchronised to the supply is running 
on no load and is having negligible loss 
then 

. (jCo)4he stator current will be zero 
{b) the stator current will be very small 
* (c) the stator current will be very high 

(d) the back e.m.f. will be more than the 
supply voltage 

(e) none of the above . 

15.120. The armature current of the synchro¬ 
nous motor 

(a) has large values for low excitation 
only 
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(6) has large values for high excitation 
only 

{c^has large values for low and high 
excitation 
{d) any of the above 

15.121. The maximum power developed in a 
synchronous motor will depend on 

(a) the rotor excitation only 
C b ) the supply voltage only 
(c) the rotor excitation and supply volt¬ 
age both 

^giHhe rotor excitation, supply voltage 
and maximum value of coupling 
angle (90°) 

(e) none of the above 

15.122. A synchronous motor which works on a 
leading power factor and does not drive 
a mechanical load is called as 

(а) static condenser 

(б) condenser 
synchronous condenser 

{d) none of the above 

15.123. A synchronous motor develops maxi¬ 
mum power when load angle is 

(а) 45° (6) 60° 

a^90° {d) 120° 

15.124. In a synchronous motor, the break¬ 
down torque is 

(Jo4^directly proportional to applied 
voltage 

(б) ‘directly proportional to the square 
of the applied voltage 

(c) inversely proportional to applied 
voltage 

(d) none of the above 

15.125. A synchronous motor can operate at 

(a) lagging power factor only 

( b ) leading power factor only 

(c) unity power factor only 
^^■Hagging, leading and unity power 

factors 

15.126. At no-load, the armature current in'a 
synchronous motor 

(а) is zero 

(б) lags the applied voltage by 90° 
yL^leads the applied voltage by 90° 

(d) is in phase with the applied voltage 

(e) none of the above 
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15.127. In a synchronous motor, the forced 
vibrations will be maximum when driv¬ 
ing 

a reciprocating air compressor 

(b) a centrifugal pump 

(c) a centrifugal blower 

(d) any of the above 

(e) none of the above 

15.128. The angle between the rotor poles and 
stator poles, in a synchronous motor, is 
known as 

(a) power factor angle 
\J*b) torque angle 

(c) synchronizing angle 

(d) angle of retardation 


B. Fill in the Blanks/Say ‘Yes 9 or ‘No’: 


15.131. 

15.132. 

15.133. 

15.134. 

15.135. 

15.136. 

15.137. 

15.138. 

15.139. 


The synchronous motor is the one type 
of 3-phase A.C. motor which operates 

at a.speed from no-load to full load. 

Synchronous motor may be used to im¬ 
prove the power factor of 3-phase A.C. 
industrial circuits. (Yes/No) 

A synchronous motor runs at a speed 
less than the synchronous speed. 

(Yes/No) 

The speed of a synchronous motor can 

be changed by changing the.only. 

A synchronous motor is not inherently 
self starting. (Yes/No) 

A synchronous motor can operate 
under a wide range of power factors 
both lagging and leading. (Yes/No) 

.motors can be used for power factor 

correction in addition to supplying 
torque to drive loads. 

In a synchronous motor electro-mag¬ 
netic power varies.with voltage. 

A synchronous motor has a tendency to 


15.140. Synchronous motors cannot be used for 

variable speed jobs as speed adjust¬ 
ment cannot be done. (Yes/No) 

15.141. Synchronous motors do not require col¬ 
lector rings and brushes. (Yes/No) 

15.142. A synchronous motor cannot be started 

under load. (Yes/No) 


15.129. Higher the applied voltage.will be 

the stator flux and.will be the pull- 

in torque. 

(a) lower, lower (6) lower, greater 
(c) greater, lower S^greater, greater 


15.130. In a synchronous machine in case the 
axis of field flux is in line with the 
armature flux, then 


(a) the machine is working as synchro¬ 
nous generator 

(b) the machine is working as synchro¬ 
nous motor 

(c) the machine will vibrate violently 
none of the above 


15.143. 

15.144. 

15.145. 

15.146. 

15.147. 

15.148. 


15.149. 


15.150. 

15.151. 

15.152. 


The starting torque of a synchronous 
motor is. 

Synchronous motors may fall out of 

synchronism and stop when. 

Synchronous motors required D.C. ex¬ 
citation which must be supplied from 
external source. (Yes/No) 

In a synchronous motor the rotor is 

generally a.pole rotor. 

In a synchronous motor the number of 
rotor field poles must equal the number 
of stator field poles. (Yes/No) 

The.winding consists of solid cop¬ 

per bars embedded at the surface of the 
pole face and short-circuited at each 
end by means of a shorting strip. 

It is practically impossible to start a 
synchronous motor with its D.C. field 
energized. (Yes/No) 

The maximum value of torque which a 
synchronous motor can develop without 
dropping out of synchronism is called 
the.torque. 

In most synchronous motors the pull¬ 
out torque is 150 to 200 per cent of rated 
torque output. (Yes/No) 

In a synchronous motor the maximum 
power depends on V and Eb,i.e., excita¬ 
tion. (Yes/No) 
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15.153. In a synchronous motor, for all values 

of V and Ek the maximum torque is 
inversely proportional to the maximum 
power developed. (Yes/No) 

15.154. Any . synchronous motor operated 

without any mechanical load may be 
classed as a synchronous condenser or 
synchronous capacitor. 

15.155. As compared with a synchronous motor 
with equal armature voltage and cur¬ 
rent ratings a ‘synchronous condenser 5 

requires.copper in the field winding 

to carry the increased field current. 

15.156. The synchronous condenser does not 
require so large shaft and bearings as 

the synchronous motor because no. 

torque is required. 

15.157. Synchronous condensers are some 

times operated at power factors rang¬ 
ing from lagging through unity to lead¬ 
ing for . control. When applied in 

this manner a synchronous condenser 
is called a synchronous. 

15.158. It is customary not to attempt correc¬ 

tion of the power factor of the system 
all the way to.power factor. 

15.159. . ..... motors may be purchased in three 
standand ratings namely : ( i) unity 
power factor, (ii) 90% leading power 
factor ; and {Hi) 80% leadings power 
factor. 

15.160. ... ... is an objectionable characteristic of 
all synchronous motors, since it pro¬ 
duces severe mechanical stresses as 
well as great variation in current and 
power taken by the motor. 

15.161. The term.is generally applied to the 

squirrel-cage in connection with its 
damping action. 

15.162. The average speed of a synchronous 

motor is constant and independent of 
load. (Yes/No) 

15.163. The torque of a synchronous motor is 

less sensitive to change in supply. 

15.164. The breakdown torque of a syn¬ 
chronous motor is . to the supply 

voltage. 


15.35 

15.165. A synchronous motor, as compared to 
an induction motor, is more . and 


15.166. A.motor is employed for supplying 

mechanical load as well as for power 
factor improvement. 

15.167. A synchronous motor is provided with 
. air gap as compared to that of in¬ 
duction motor. 

15.168. The voltage rating of exciter of a 

synchronous motor is usually not more 
than 250 V. (Yes/No) 

15.169. It is . to synchronize salient pole 

rotors as compared to cylinderical 
rotors. 

15.170. Efficiency of synchronous motor ranges 

from 88 to 96%. (Yes/No) 

15.171. Amortisseur windings of synchronous 

motors are placed on the rotor pole 
faces. (Yes/No) 

15.172. As synchronous motor can operate at 
lagging or leading power factor, it is 

appropriate to call it as . phase 

modifier. 

15.173. For the same rating, efficiency of 

synchronous motor is.. than the ef¬ 

ficiency in induction motor. 

15.174. The angular displacement between 

magnetic field of stator and rotor is 
called as.angle. 

15.175. To avoid pole slipping, rotor field of 

synchronous motor is energized by D.C. 
just before rotor reaches synchronous 
speed. (Yes/No) 

15.176. In low speed range, synchronous motors 

are physically arger and more costly 
than squirrel cage induction motors of 
equal rating. (Yes/No) 

15.177. Basically, the construction of a syn¬ 

chronous motor is the same as that of 
an. 

15.178. It is possible to start a synchronous 
motor with its D.C. field energized. 

(Yes/No) 

15.179. In a synchronous motor, stator induced 

e.m.f. Ef, can become greater than the 
applied voltage V. (Yes/No) 
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15.180. V-curve of a synchronous motor 

shows variation of power factor with 
D.C. field current when load on the 
motor is held constant. 15.190. 

15.181. If a synchronous motor is over-excited 

or under-excited its power factor tends 15.191. 
to approach unity with increased load. 

(Yes/No) 

15.182. A decrease in the excitation of a syn- 15.192. 

chronous motor produces a.decrease 

in its pull-out torque. 15.193. 

15.183. A . capacitor is an over-excited 

synchronous motor operated without 

load. 15.194. 

15.184. Unlike induction motor, a . motor 

can be operated under wide range of 15.195. 
power factors both lagging and leading. 

15.185. A synchronous motor will either run at 15.196. 
synchronous speed or not at all. 

(Yes/No) 

15.186. As mechanical load on a synchronous 15.197. 

motor., armature current drawn by 

it increases regardless of excitation. ^5 198 

15.187. A synchronous motor draws . cur¬ 

rent when its power factor is unity. 

15.188. kW rating of synchronous motor exciter 

is about 3 per cent of the kVA rating of 15.199. 
the synchronous motor. (Yes/No) 

15.189. When synchronous motor is under nor¬ 
mal working and if we have to open its 15.200. 
field circuit on shutting down the 


motor, this is done by connecting dig. 
charge resistance across its terminals. 

(Yes/No) 

. winding is also known as cage 

winding. 

As compared to squirrel cage induction 
motors, the synchronous motors are 

.in low speed range. 

Synchronous motors always run at 
unity power factor. (Yes/No) 

A synchronous motor is a self starting 
constant speed constant torque motor. 

(Yes/No) 

As under-excited synchronous motor 
has a leading power factor. (Yes/No) 
A synchronous motor needs two slip 
rings. (Yes/No) 

A.motor is a small directly coupled 

induction motor for starting a syn¬ 
chronous motor. 

A synchronous motor has small starting 
torque. (Yes/No) 

The control equipment of a syn¬ 
chronous motor is more complex as 
compared to that of an induction motor. 

(Yes/No) 

The rotor winding of the synchronous 
motor is excited by the revolving field. 

(Yes/No) 

A synchronous motor can be started on 
load using damper windings. (Yes/No) 


ANSWERS 

(Synchronous Motors) 

A. Choose the Correct Answer : 


15.1. (6) 

15.2. (a) 

15.3. (a) 

15.4. (c) 

15.5. (d) 

15.6. (c) 

15.7. (a) 

15.8. (a) 

15.9. (a) 

15.10. (c) 

15.11. ( d) 

15.12. (d) 

15.13. (c) 

15.14. (a) 

15.15. {b) 

15.16. (a) 

15.17. (a) 

15.18. (6) 

15.19. (6) 

15.20. (a) 

15.21. ( b ) 

15.22. (a) 

15.23. (c) 

15.24. (6) 

15.25. (c) 

15.26. 0 d ) 

15.27. (c) 

15.28. (a) 

15.29. (6) 

15.30. (d) 

15.31. (d) 

15.32. (e) 

15.33. (e) 

15.34. (b) 

15.35. (b) 

15.36. (a) 

15.37. (c) 

15.38. (d) 

15.39. (b) 

15.40. (b) 

15.41. (a) 

15.42. (c) 

15.43. (6) 

15.44. (b) 

15.45. (/>) 

15.46. (/,) 

15.47. (d) 

15.48. (d) 

15.49. (d) 

15.50. (a) 
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15.51. 

(c) 

15.52. 

(b) 

15.53. 

(a) 

15.54. 

(d) 

15.55. 

(c) 

15.56. 

(0 

15.57. 

(a) 

15.58. 

(c) 

15.59. 

(b) 

15.60. 

(a) 

15.61. 

(0 

15.62. 

(b) 

15.63. 

(c) 

15.64. 

(b) 

15.65. 

(d) 

15.66. 

■(b) 

15.67. 

(c) 

15.68. 

(e) 

15.69. 

(d) 

15.70. 

(a) 

15.71. 

(b) 

15.72. 

(b) 

15.73. 

(a) 

15.74. 

(b) 

15.75. 

(d) 

15.76. 

(a) 

15.77. 

(b) 

15.78. 

(d) 

15.79. 

(c) 

15.80. 

(e) 

15.81. 

(e) 

15.82. 

(d) 

15.83. 

(d) 

15.84. 

(c) 

15.85. 

(a) 

15.86. 

(c) 

15.87. 

(a) 

15.88. 

(c) 

15.89. 

(d) 

15.90. 

(a) 

15.91. 

(b) 

15.92. 

(b) 

15.93. 

(a) 

15.94. 

(c) 

15.95. 

(a) 

15.96. 

(a) 

15.97. 

(a) 

15.98. 

(b) 

15.99. 

(d) 

15.100. 

(b) 

15.101. 

(d) 

15.102. 

(a) 

15.103. 

(c) 

15.104. 

(d) 

15.105. 

(d) 

15.106. 

(c) 

15.107. 

(a) . 

15.108. 

(a) 

15.109. 

(d) 

15.110. 

(c) 

15.111. 

(b) 

15.112. 

(a) 

15.113. 

(c) 

15.114. 

(a) 

15.115. 

(a) 

15.116. 

(a) 

15.117. 

(a) 

15.118. 

0 b ) 

15.119. 

(a) 

15.120. 

(c) 

15.121. 

(d) 

15.122. 

(c) 

15.123. 

(c) 

15.124. 

(a) 

15.125. 

(d) 

15.126. 

(c) 

15.127. 

(a) 

15.128. 

(b) 

15.129. 

(d) 

15.130. 

(d) 


B. Fill in the Blanks/Say ‘Yes’ or ‘No’: 


15.131. 

constant 

15.132. 

Yes 

15.133. 

No 

15.134. 

frequency 

15.135. 

Yes 

15.136. 

Yes 

15.137. 

Synchronous 

15.138. 

linearly 

15.139. 

hunt 

15.140. 

Yes 

15.141. 

No 

15.142. 

Yes 

15.143. 

zero 

15.144. 

overloaded 

15.145. 

Yes 

15.146. 

salient 

15.147. 

Yes 

15.148. 

damper 

15.149. 

Yes 

15.150. 

pull-out 

15.151. 

Yes 

15.152. 

Yes 

15.153. 

No 

15.154. 

over-excited 

15.155. 

more 

15.156. 

shaft 

15.157. 

voltage, reactor 

15.158. 

unity 

15.159. 

Synchronous 

15.160. 

Hunting 

15.161. 

amortisseur 

15.162. 

Yes 

15.163. 

voltage 

15.164. 

proportional 

15.165. 

complicated, costly 

15.166. 

synchronous 

15.167. 

larger 

15.168. 

Yes 

15.169. 

easy 

15.170. 

Yes 

15.171. 

Yes 

15.172. 

synchronous 

15.173. 

more 

15.174. 

torque 

15.175. 

Yes 

15.176. 

No 

15.177. 

alternator 

15.178. 

No 
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15.179. 

15.181. 

15.183. 

15.185. 

15.187. 

15.189. 

15.191. 

15.193. 

15.195. 

15.197. 

15.199. 
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Yes 

15.180. 

Inverted 

Yes 

15.182. 

proportional 

synchronous 

15.184. 

synchronous 

Yes 

15.186. 

increases 

minimum 

15.188. 

Yes 

Yes 

15.190. 

Damper 

cheaper 

15.192. 

No 

No 

15.194. 

No 

Yes 

15.196. 

pony 

NO ; 

15.198. 

Yes 

Yes 

15.200. 

No. 


□ □ 
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Converters and Rectifiers 


16.1. GENERAL ASPECTS 

Although A. C. system has been universally adopted for generation, transmission and distribu¬ 
tion yet there are several cases where the use of D.C current is either essential or else is advantageous 
to a degree sufficient to make it preferable to A.C. current. A few applications of D.C. system are 
given below : 

" (i) D.C. motors (because of their excellent and over-load characteristics) are most suitable for 

traction purposes in tramways and railways. 

0 ii ) Arc welding. 

(Hi) Battery charging work. 

( iv ) Arc lamps for searchlights and cinema projectors. 

(i0 For operating relays, telephones, switches, and circuit breakers etc. 

(vi) In rolling mills, paper mills, colliery winding, etc., where fine speed control or speeds in 
both directions are required. 

(vii) For electrolytic and electro-chemical processes. 

Hence, it becomes necessary/essential sometimes to convert A.C. current into D.C. current by 
some suitable arrangement. The following methods may be used to convert A.C. system to D.C. : 

1. Motor-generator sets. 

2. Motor converters. 

3. Rotary converters. 

» 4. Rectifiers. 

16.2. MOTOR-GENERATOR SET 

A motor-generator set consists of two machines viz. an AC. motor and a D.C. generator which 
are mechanically coupled. A.C. motor may be synchronous or an induction motor. In the case of larger 
units, the A.C. motor is invariably synchronous and the D.C. generator is usually compound. The 
synchronous motor if employed should have damper winding on its pole faces to avoid hunting. 
Advantages: 

1. The motor-generator set is simple and reliable. 

2. D.C. voltage at nearly constant magnitude can be obtained from synchronous motor 
generator set. 

3. D.C. voltage can be obtained between wide ranges. 

4. The synchronous motor generator set is reversible. 

5. The synchronous motor generator set can be employed for improving the power factor. 

16.1 
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6. The set can be operated on any frequency. 1 

7. The set is free from reversal of polarity and flashover. § 

Disadvantages: | 

1. Since a motor-generator set requires two machines, therefore, it occupies more space, costs 5 
and has poor efficiency. 

2. The set is very heavy and cannot be easily moved from one place to another. 

3. Induction motor generator set is not reversible. 

4. Induction motor-generator set operates at low power factor unless it is compensated. 

5. At very high load, the synchronous motor generator set falls out of synchronism. 

6. The synchronous-motor set is liable to hunting and requires a damping winding on its poles 


CONVERTERS 


16.3. MOTOR CONVERTER 

A motor converter essentially consists of an ordinary slip-ring induction motor coupled both 
mechanically and electrically to a D.C. generator. The rotor of the induction motor is usually wound 
for 12 phases to obtain better performance. A.C. voltage up to 11 kV can be directly fed to the stator. 
If A.C. voltage available is more than 11 kV then it is economical to step down the voltage before 
feeding it to the stator winding. The rotor of the slip-ring induction motor is mechanically as well as 
electrically coupled to D.C. generator. D.C. generator is also known as armature of the converter. The 
motor input energy is partly transmitted mechanically (through the shaft) and partly electrically, 

i.e., as slip ring energy from the rotor of the induction motor. 

Advantages: 

1. It is self starting. 

2. The set is simple to operate and is reliable. 

3. It has sufficiently high power factor. 

4. It permits wide regulation in D.C. voltage. 

5. It can be operated on any frequency. 

6. It can be operated at high voltages. 

Disadvantages: 

1. Because of its low speed, it is more expensive and hence it is not much popular. 

2. It is possible to obtain D.C. voltage upto 1700-2000 V. 

16.4. SYNCHRONOUS OR ROTARY CONVERTER 

— A synchronous or rotary converter is a single machine with one armature and one field. 
It combines the function of a synchronous motor and a D.C. generator . It receives 
alternating current through a set of slip-rings at one end of an armature that rotates at 

synchronous speed ; | N s ~ j an( j delivers direct current from the opposite end through 

a commutator and a set of brushes. 

— The principle of operation of a synchronous converter is based on the fact that an alternating 
e.m.f is induced in the armature of a D.C. machine and is rectified only by means of n 
commutator ; therefore, when the armature winding is connected directly to slip-rings, an 
A.C. voltage is obtained across the rings, and the mhchine may be connected through the 
latter to an A.C. circuit. 
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16.3 


— Normally, a synchronous or rotary converter is used when a large-scale conversion from 
A. C. to D. C. power is required. 

Fig. 16.1 shows the main parts of a synchronous converter. 


To d.c. bus bars 


Yoke 


3-Phase supply 



Slip rings 
.Pole core 


Field coils 


Fig. 16.1. Synchronous converter. 

Note. For machines whose output is less than 100 kW it is the usual practice to adopt a wave winding. 
When wave winding is used, only one connection is required per slip-ring. But when lap, or multiple circuit, 
wining is adopted, then each slip-ring will have connections equal to the number of pole pairs. A simple rule to 
remember is that if a converter has N number of phases, there must be N slip-ring tapping points per pole pair. 
This rules does not apply to single-phase machines. 

Following are the advantages and disadvantages of a synchronous converter : 

Advantages: 

1. It has high efficiency. 

2. It operates at a high power factor. 

3. The running and operating cost is low. 

4. It is portable. 

Disadvantages: 

1. It is liable to flashover and reversal of polarity. 

2. The D.C. voltage regulation is limited. 

3. D.C. voltage up to 1200 to 1500 V can only be obtained. 

4. It requires step-down transformer since high A.C. voltages cannot be fed into it. 

Voltage and Current Relations 

In general, for m-phase rotary converter 


(0 


c a) 


E dc 


. K 

sm— 
m 


V2 






...(16.1) 


...(16.2) 


r\m sin— cos 
1 m 




V2 Ide 


. n 
m sin — 
m 


assuming unity power factor and 100% efficiency 


(Hi) I sr = 


2.83 Idc 


m 


assuming unity power factor and 100% efficiency 


...(16.3) 


where E p = r.m.s. phase voltage, i.e., potential difference, across two armature tappings or E s) 
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I p = r.m.s. phase current, i.e A.C. current flowing through the armature between adjacent 
tappings. It is not the same as I sn i.e., load current. 

Table 16.1. Voltage and Current Relations 


Voltagel 

Current 

Formula 

1- phase 

2- ring 

3-phase 

3-ring 

6-phase 

6-ring 

12-phase 

12-ring 

Ep or E sr 

Erf c sin n/m 

V2 

0.701E dc 

0.612 E dc 

0.354E^ C 

0.182 E dc 

I sr current 
between leads 

2v^ 7 

nr Idc 

1.4147* 

0.9437* 

0.4727* 

0.2367* 

Ip current 
between two 
armature taps 

V27* 
m sin 7t/m 

0.707 I dc 

0.5447* 

0.4727* 

0.4557* 


The following points are north nothing : 

1. Conversion from 3-phase to 6-phase can be easily achieved by having two similar secondary 
windings for each of the primary of the three-phase transformers. There are many ways of connecting 
the six secondaries for this purpose such as : 

(i) Diametral (ii) Double-delta (Hi) Double-star. 

2. The output D.C. voltage of rotary converter can be changed by the following methods : 

(i) By using tap-changing transformer (ii) By reactance control method 

(Hi) By induction regulator method (iv) By synchronous booster control method. 

16.5. RECTIFIERS 

A ‘ rectifier* is a device which converts alternating current into unidirectional current by virtue 
of a characteristic permitting appreciable flow of currents in only one direction. 

Types of Rectifiers. Some of the common types of rectifiers used are given below : 

1. Mercury arc rectifiers. 

2. Metal rectifiers (such as copper oxide or selenium rectifiers). 

3. Mechanical rectifiers. 

4. Electrolytic rectifiers. 

— Where the power requirements are comparatively small , it is customary to employ solid 
materials types such as copper-oxide or selenium rectifiers , or the glass-enclosed hot- 
cathode type (such as Tungar or Rectigon). Mechanical and electrolytic types of rectifier 
have been used on occasion, but they are generally subject to operating difficulties and 
are of low efficiency. 

— For installations requiring large amounts of power such as traction motors and the 
electromechanical industries, the mercury-arc type of rectifier is the accepted standard. 
The commutator and its brushes on a D.C. machine are, of course, a mechanical rectifier 
that performs an important and reliable function, especially ^dien used with interpoles 
and compensating windings. 
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Luminous 

column 


Negative 
flame 
Cathode spot 



Anode(Graphite) 
Positive ions 
Electrons 

Auxiliary 
anode 
Pool of mercury 


Fig. 16.2. Simplest form of mercury 
arc rectifier. 


16.5.1. Mercury Arc Rectifiers 

Mercury Arc Rectifier (Simplest Form) 

— Refer Fig. 16.2. A mercury arc rectifier in its simplest form consists of an evacuated glass 
vessel with a pool of mercury at the bottom acting as a cathode and at the top is anode 
(made of graphite). 

— In the mercury pool is dipped a pointed electrode 
of semi-conducting material Boron carbide called 
the ignited or auxiliary anode. When the rectifier 
is fired, for a short duration current pulse is ap¬ 
plied between the auxiliaiy anode and cathode 
whicji heats the surface of mercury and produces 
certain initial electrons. The high positive poten¬ 
tial applied to anode attracts these electrons. The 
electrons reaching anode takes the form of an arc 
which starts at the anode and it. is heated up 
subsequently. 

— There is a luminous column next to anode which gives light. After 
the column there is a dark gap followed by a white hot cathode spot 
which travels irregularly over the mercury pool with high speed. 

— The rectifier’s cathode can only emit these electrons and is unable 
to receive them. Thus in Fig. 16.3, if the battery terminals are 
reversed making the anode negative and cathode positive, the 
electrons will be repelled and no current will flow. Thus it has a 
valve action which allows current to flow only in one direction, i.e ., 
from anode to cathode. If the battery is replaced by an AC. supply 
there will be current flowing only during the + ve half of the cycle. 

Arc volt drop. The voltage drop between the anode and cathode 
comprises the following: 

(j) Anode drop. 

C ii ) Cathode drop. 

(Hi) Arc drop. 

— Anode drop. The apode collects the electrons emitted by the cathode and the waiting 
electrons here form a negative space and the coming electrons are repelled by this space 
charge. The repelled electrons overcome a certain potential drop which is of tune of about 
5 V. 


i 

1 ! 


A 

II 

H 

y 


Fig. 16.3. Glass bulb 
containing gas and 
two electrodes against 
which potential dif¬ 
ference is applied. 


— Cathode drop. The cathode is bombarded by the positive ions, consequently a high 
potential gradient is caused due to which a large voltage drop takes place. The cathode 
drop is about 9 V. 

— Arc drop. The potential drop in the arc varies from 0.05 V to 0.2 V per cm length of the 
arc. The average value of this drop can be assumed to' be 0.1V x l, where l is the arc length. 

Thus total drop equals (5 + 9 + 0.1i)V. 

Merits of a Mercury Arc Rectifier. The mercury arc rectifier has made large inroads in 
the railway and manufacturing sub-station field. It entails the following merits/adv ant ages : 

1. Light weight and occupies small floor space. 

2. Comparatively simple in operation. 
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3. Readily made automatic in operation. 

4. Comparatively noiseless. 

5. High efficiency. 

6. Quick response to load demands. 

7. Maintenance and attention small. 

8. High over-load capacity. 

9. Rectifiers of higher rating are economical. 

10. Easily adaptable to variable frequency operation. 

11. It is comparatively less effected by A.C. system disturbances especially on account of high 
voltage surges. 


Single-phase Mercury Arc Rectifier 

(а) Half-wave Rectification. Fig. 16.4 
shows a half-wave rectifier having one anode only 
to which one end of the secondary of the transformer 
is connected. The current in the external load flows 
only when the anode is positive , i.e., during the 
first-half of the cycle, no current flows during the 
second-half when anode is negative. 

(б) Full-wave Rectification. Fig. 16.5 
shows a full wave rectifier. It has two anodes Ai and 
A<i and the load is connected between the cathode C 
and the centre of the secondary of the transformer. 


Single phase 
supply 



Fig. 16.4. Single-phase halfwave glass bulb 
mercury arc rectifier. 


Single-phase 



Fig . 16.5. Single-phase full wave glass bulb mercury arc rectifier. 

When the current in the secondary is + ve, say from right to left, the anode A \ will conduct. 
During the secopd half of the cycle the current in the secondary of the winding is from left to right. 
So now anode A 2 will conduct while the direction of the current in the load remains same. The period 
of conduction of each anode is 2jt/2 = jt. Such a rectifier which utilises both halves of the alternating 
wave is called a full-wave rectifier. 

Polyphase Mercury-arc Rectrifier 

These may be 
(i) Three-phase rectifiers. 

(ii) Six-phase rectifiers. 
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16.7 


Note 1 . Glass rectifiers , because of inherent mechanical weakness of glass, cannot be manufactured fcr 
very large outputs. These are usually made into units capable of D.C. output of 500 A at 500 V (maximum 
continuous rating). 

Note 2. Steel rectifiers are mounted in a vacuum chamber of steel, are demountable, continously 
evacuated and are water cooled. Because water-cooling is employed, hence the condensing chamber is much 
smaller than that of the glass bulb type rectifier. The arc operates in a large vacuum tank which is made out of 
a special quality of sheet iron that resists the action of mercury vapours and helps in maintenance of consistently 
good vacuum. In between the condensing chamber and the vacuum tank is the anode plate which carries the 
ifiain anodes in the ring. Necessary high vacuum is maintained by a pumping system consisting of a mercury 
vapour diffusion pump backed by a rotary pump working under oil. Ignition and excitation of steel tank rectifiers 
is different from that of the glass-bulb type rectifiers. Such units have been constructed for as much as 16000 A 
at comparatively low voltages, 2500 kW at 3.3 kV and for voltages as high as 20 kV at 600 kW. Voltages up to 
30 kV can be obtained only by derating the current. 

Voltage and Current Relations 


E dc = ^E ac -sin- 

jt m 


T _ ZSdL 
1 r.m.s. ~ 


[dc_ 

Vm 


7 ai /phase = — 
m 


...(16.4) 


...(16.5) 


.,.(16.6) 


where E^ c = average value of no-load D.C. voltage 

Eqc = r.m.s. value of secondary phase neutral voltage 
Ir.m.s. = value of secondary current. 

Utility Factor. Utility factor is defined as the ratio of the volt-amperes obtained from the 
rectifier on the output side to volt-amperes supplied from A.C. input side. 

Edc Idc 


Utility factor = 


mE t 


ac Ir.m.s. 


V2B« f IT) sin “ x x 

{ n I m (V2/n) . Jt 

- --- = -i- L g ln - 

mE ac Ir.m.s. n m 


...(16.7) 


Fig. 16.6 shows the relation between utility factor and m 
and it is obvious that utility factor is maximum for m = 2.7. Since 
m has integral values, hence utility factor is maximum for a 
rectifier which has three phases. 

— The current in a mercury-arc rectifier can be controlled 
with the help of perforated grids placed between the 
anode and the cathode. Various grid-control methods 
can be broadly divided into two classes : 

1. Soft control method 

2. Hard control method. 



— By increasing the relative phase difference between 16.6 . Relation between 

the anode and grid voltages, the establishment of the utility factor and m. 

arc between the anode and cathode can be delayed by any amount and so D.C. output can 
be controlled. Such method is known as phase-shift control method . The phase-shift can 
be achieved with the help of an induction regulator or by bias-shift control method. 
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16.5.2. Metal Rectifiers 

The metal rectifiers are preferred to valve rectifiers as these are mechanically stronger and 
not require any voltage for filament heating. 

The metal rectifiers are of the following two types : 

1. Copper oxide rectifiers 

2. Selenium rectifiers. 

Copper Oxide Rectifiers 

— Copper oxide rectifiers are made from copper discs which are usually 25 mm in diameter 
or smaller. These discs are heated to form a copper oxide on their surface. After the heat 
treatment they are quenched and the oxide film is removed from one side. The remaining 
oxide film provides rectifying action. Contact is made to the film through the copper on 
which it is formed and a lead disc pressed on to the upper surface (Fig. 16.7). The rectifier 
thus formed will permit a current flow from the film to the copper and will block currents 
from flowing in the opposite direction. This device is not a perfect rectifier. 





l e q d 


V c 


C o p per 


-Rectifying 
1 ilm 


3 

u 


Fig. 16.7. Elements of the copper oxide rectifier. 

— This type of rectifier is usually designed to operate at 45°C or less. The voltage impressed 
on each cell is usually limited to a range of 5 to 11 volts, depending on whether the rectifier 
is used on continuous or intermittent duty. 

— The efficiency of the copper oxide rectifier seldom exceeds 65% to 75%. This indicates a 
voltage regulation ranging between 25% and 35%). 

— This rectifier is not stable during early life. The resistance in the forward direction tends 
to increase with use at a rate dependent on temperature of operation and its load. The 
over-all change of about 15% can be expected in the output voltage. The change is gradual 
and may continue for a period of several years. This feature must be taken into 
consideration in adapting it to its circuits. 

— The copper-oxide rectifier, because of low <.•/;. wncy, is unsuitable for rectifying large 
amounts of power. 

— This type of rectifier finds use in control circui • nd is adaptable to various voltages and 
currents. 


Selenium Rectifiers: 

— The method of construction of a selenium rectifier is similar to that of the copper oxide 
rectifier. The cell consists of an iron or aluminium disc, one side of which is coated with 



Fig. 16.8. Elements of the selenium rectifier. 
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a thin layer of selenium. After heat treating this assembly to form the copper crystalline 
structure, the selenium is sprayed with a metal of low-temperature melting point. The cell 
is then ‘formed’ by supplying it with a direct current in its reverse direction for several 
hours. The rectifying action takes place at the selenium film. 

The selenium cell claims the following advantages over the copper oxide cell: 

1. Changes in temperature have less effect on the selenium cell than on the copper oxide unit. 

2. The selenium cell can withstand larger reverse voltages. 

3. It can be operated at temperatures as high as 75°C. 

4. Efficiencies ranging from 75% to 85% are attainable. 

— If the selenium cell is idle for a long period of time, its reverse resistance tends to decrease 
and current that it takes when reconnected to the circuit is abnormally high. Ageing of 
this rectifier may change the output voltage by 5% to 10%. 

The following points of selenium rectifiers are worth noting : 

1. They can be used on polyphase circuits to supply large values of current. 

2. They are easily adapted to various voltages and currents by selecting proper series and 
parallel connection of the cells. 

3. They are less efficient than the mercury-arc rectifier when used 
on high-voltage systems. 

4. They are available in capacities up to 50 or 100 kW , and their 
range can be extended. 

57 Their applications are usually limited to potential of 100 V or 

less. 

These rectifiers have been used extensively in supplying direct 
current for electroplating. 

Methods of Representation of Rectifiers. Fig. 16.9 shows the 
conventional method for representation of rectifiers. 

— The full arrow or half arrow shows the forward direction or the 

direction of current flow. F & ^.9. Conventional 

— The positive direction or red mark represents that the current method f^^P^^ ntatwn 
leaves the rectifier at this point, i.e., for load this is the + ve point. °‘ reC l * iers ‘ 

16.5.3. Mechanical Rectifiers 

Mechanical rectifiers are of the following two types : 

1. Commutating type rectifier. Such devices are subject to sparking and therefore its use 
is limited to the applications where small currents and voltages are to be dealt with. 

2. Vibrating rectifier. This type of rectifier is widely used for inverting direct current into 
alternating current, although the resulting wave is far from sinusoidal. 

16.5.4. Electrolytic Rectifiers 

The working principle of electrolytic rectifiers is as follows : 

“If two plates of different metals (e.g. lead and aluminium) are placed in an electrolyte (e.g. 
sodium bicarbonate or aluminium phosphate solution) and connected to an A.C. voltage then current 
can pass only in one direction. 

These rectifiers are primarily used for charging of low voltage batteries from A.C. supply. 
Their efficiency is low, nearly 60%. 
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A, Choose the Correct Answer: 


16.1. Which of the following are the appli¬ 
cations of D.C. system ? 

(a) Battery charging work 

( b ) Arc welding 

(c) Electrolytic and electro-chemical 
processes 

( d ) Arc lamps for search lights 

(e) All of the above 

16.2. Which of the following methods may be 
used to convert A.C. system to D.C. ? 

(a) Rectifiers 

( b ) Motor converters 

(c) Motor-generator sets 

(d) Rotary converters 

(e) All of the above 

16.3. In a single phase rotary converter the 
number of slip rings will be 

(a) two (b) three 

(c) four ( d ) six 

(e) none 

16.4. A synchronous converter can be started 

(a) by means of a small auxiliary motor 
(ib) from AC. side as induction motor 

(c) from D.C. side as D.C. motor 

(d) any of the above methods 

( e ) none of the above methods 

16.5. A rotary converter is a single machine 
with 

(а) one armature and one field 

(б) two armatures and one field 

(c) one armature and two fields 

(d) none of the above 

16.6. A rotary converter combines the func¬ 
tion of 

(a) an induction motor and a D.C. gene¬ 
rator 

(b) a synchronous motor and a D.C. 
generator. 

(c) a D.C. series motor and a D.C. gene¬ 
rator 

(d) none of the above 

16.7. Which of the following is reversible in 
action ? 

(a) Motor generator set 

(b) Motor converter 


(c) Rotary converter 

(d) Any of the above 

(e) None of the above 

16.8. Which of the following metals i s 
generally manufactured by electrolysis 
process ? 

(a) Load (b) Aluminium 

(c) Copper (d) Zinc 

(e) None of the above 

16.9. With a motor converter it is possible to 
obtain D.C. voltage only upto 

(a) 200—400 V 

(b) 600—800 V 

(c) 1000—1200 V 

(d) 1700—2000 V 

16.10. Normally, which of the following is 
used, when a large-scale conversion 
from A.C. to D.C. power is required ? 

(a) Motor-generator set 

( b ) Motor converter 

( c ) Rotary converter 

(d) Mercury arc rectifier 

16.11. A rotary converter in general construc¬ 
tion and design, is more or less like 

(a) a transformer 

(b) an induction motor 

(c) an alternator 

{d) any D.C. machine 

16.12. A rotary converter operates at a 

(а) low power factor 

(б) high power factor 
(c) zero power factor 
{d) none of the above 

16.13. In which of the following applications, 
direct current is absolutely essential ? 
(a) Illumination (b) Electrolysis 

(c) Variable speed operation 

(d) Traction 

16.14. Which of the following AC. motors is 
usually used in large motor-generator 
sets ? 

(a) Synchronous motor 

(b) Squirrel cage induction motor 

(c) Slip ring induction motor 

(d) Any of the above 
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i 6.15. In a rotary converter armature currents 
are 

(a) d.c. only ( b ) a.c. only 

(c) partly a.c. and partly d.c. 

16.16* In which of the following equipment 
direct current is needed ? 

(a) Telephones (fe) Relays 

(c) Time switches id) All of the above 
16.17* In a rotary converter I 2 R losses as com¬ 
pared to a D.C. generator of the same 
size will be 

(a) same (fe) less 

(c) double id) three times 

16.18. In a mercury arc rectifier positive ions 
are attracted towards 

ia) anode ( b ) cathode 

(c) shell bottom ( d ) mercury pool 

16.19. Mercury, in arc rectifiers, is chosen for 
cathode because 

(а) its ionization potential is relatively 
low 

(б) its atomic weight is quite high 

(c) its boiling point and specific heat 
are low 

id) it remains in liquid state at ordi¬ 
nary temperature 
(e) all of the above 

16.20. The ionization potential of mercury is 
approximately 

(a) 5.4 V (6) 8.4 V 

(c) 10.4 V id) 16.4 V 

16.21. The potential drop in the arc, in a mer¬ 
cury arc rectifier, varies 

(а) 0.05 V to 0.2 V per cm length of the 
arc 

C b ) 0.5 V to 1.5 V per cm length of the 
arc 

(c) 2 V to 3.5 V per cm length of the arc 
id) none of the above 

16.22. The voltage drop between the anode 
and cathode, of a mercury arc rectifier 
comprises of the following 

ia) anode drop and cathode drop 

(б) anode drop and arc drop 
(c) cathode drop and arc drop 

id) anode drop, cathode drop and arc 
drop 


16.11 

16.23. Glass rectifiers are usually made into 
units capable of D.C. output (maximum 
continuous rating) of 

ia) 100 A at 100 V (6) 200 A at 200 V 
(c) 300 A at 300 V id) 400 A at 400 V 
ie) 500 A at 500 V 

16.24. The voltage drop at anode, in a mercury 
arc rectifier is due to 

ia) self restoring property of mercury 

ib) high ionization potential 

(c) energy spent in overcoming the 
electrostatic field 

id) high temperature inside the recti¬ 
fier 

16.25. The internal efficiency of a mercury arc 
rectifier depends on 

(а) voltage only ib) current only 
(c) voltage and current 

id) r.m.s. value of current 

ie) none of the above 

16.26. If cathode and anode connections in a 
mercury arc rectifier are inter changed 

ia) the rectifier will not operate 

(б) internal losses will be reduced 

(c) both ion and electron streams will 
move in the same direction 
id) the rectifier will operate at reduced 
efficiency 

16.27. The cathode voltage drop, in a mercury 
arc rectifier, is due to 

(a) expenditure of energy in ionization 

ib) surface resistance 

(c) expenditure of energy in over-com¬ 
ing the electrostatic field 
id) expenditure of energy in liberating 
electrons from the mercury 

16.28. To produce cathode spot in a mercury 
arc rectifier 

(a) anode is heated 
ib) tube is evacuated 
(c) an auxiliary electrode is used 
id) low mercury vapour pressures are 
used 

16.29. The advantage of mercury arc rectifier 
is that 

(а) it is light in weight and occupies 
small floor space 

(б) it has high efficiency 
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(c) it has high overload capacity 

(d) it is comparatively noiseless 

(e) all of the above 

16.30. In a mercury pool rectifier, the voltage 
drop across its electrodes 

(а) is directly proportional to load 

(б) is inversely proportional to load 

(c) varies exponentially with the load 
current T 

{d) is almost independent of load cur¬ 
rent 

16.31. In a three-phase mercury arc rectifiers 
each anode conducts for 

(а) one-third of a cycle 

(б) one-fourth of a cycle 
(c) one-half a cycle 

(< d ) two-third of a cycle 

16.32. In a mercury arc rectifier characteristic 
blue luminosity is due to 

(а) colour of mercury 

(б) ionization 

(c) high temperature 

( d ) electron streams 

16.33. Which of the following mercury arc rec¬ 
tifier will deliver least undulating cur¬ 
rent ? 

(a) Six-phase ( b ) Three-phase 

(c) Two-phase (d) Single-phase 

16.34. In a glass bulb mercury arc rectifier the 
maximum current rating is restricted 
to 

(a) 2000 A (b) 1500 A 

(c) 1000 A (d) 500 A 

16.35. In a mercury arc rectifier.flow from 

anode to cathode 

(a) ions (6) electrons 

(c) ions and electrons 

(d) any of the above 

16.36. When a rectifier is loaded which of the 
following voltage drops take place ? 

(а) Voltage drop in transformer reac¬ 
tance 

(б) Voltage drop in resistance of trans¬ 
former and smoothing chokes 

(c) Arc voltage drop 

(d) All of the above 

16.37. On which of the following factors the 
number of phases for which a rectifier 
should be designed depend ? 


(a) The voltage regulation of the rec¬ 
tifier should be low 
(i b ) In the output circuit there should be 
no harmonics 

(c) The power factor of the system 
should be high 

(i d ) The rectifier supply transformer 
should be utilized to the best ad¬ 
vantage 

(i e ) all of the above 

16.38. A mercury arc rectifier possesses. 

regulation characteristics 

(a) straight line (6) curved line 

(c) exponential 

(d) none of the above 

16.39. It is the.of the transformer on which 

the magnitude of angle of overlap 
depends. 

(а) resistance 

(б) capacitance 

(c) leakage reactance 
id) any of the above 

16.40. In a polyphase mercury are rectifier the 
utility factor is given by 


, 2 . x 

(a) — sin — 
x m 


(V2m) . x 

(i b) -- sin - 

x m 


f x (V2m) . x fJ .m . x 

(c) -—~ . sin — (c0 -= . sin — 

jr 2 m n 2 m 

16.41. In a grid control of mercury arc rec¬ 
tifiers when the grid is made positive 

relative to cathode, then it . the 

electrons on their may to anode. 

(a) accelerates ( b ) decelerates 

(c) any of the above 
{d) none of the above 

16.42. In mercury arc rectifiers having grid, 

the arc can be struck between anode 
and cathode only when the grid attains 
a certain potential, this potential being 
known as. 

(а) maximum grid voltage 

(б) critical grid voltage 

(c) any of the above 

(d) none of the above 

16.43. In phase-shift control method the con¬ 
trol is carried out by varying the.of 

grid voltage. 
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(a) magnitude ( b ) polarity 

* (c) phase ( d ) any of the above 

( e ) none of the above 

16.44. In a phase-shift control method, the 
phase shift between anode and grid 
voltages can be achieved by means of 

(a) shunt motor 

(b) synchronous motor 

(c) induction regulator 

( d ) synchronous generator 

16.45. The metal rectifiers are preferred to 
valve rectifiers due to which of the fol¬ 
lowing advantages ? 

(а) They are mechanically strong 

(б) They do-not require any voltage for 
filament heating 

(c) Both (a) and ( b ) 

( d ) None of the above 

16.46. Which of the following statement is in¬ 
correct ? 

(а) Copper oxide rectifier is a linear 
device 

(б) Copper oxide rectifier is not a per¬ 
fect rectifier 

(c) Copper oxide rectifier has a low effi¬ 
ciency 

( d) Copper oxide rectifier finds use in 
control circuits 

(e) Copper oxide rectifier is not stable 
during early life 

16.47. The efficiency of the copper oxide recti¬ 
fier seldom exceeds 

(a) 90 to 95% (6) 85 to 90% 

(c) 80 to 85% (d) 65 to 75% 

16.48. Copper oxide rectifier is usually designed 
not to operate above 

(a) 10°C (6) 20°C 

(c) 30°C (d) 45°C 

16.49. Selenium rectifier can be operated at 
temperatures as high as 

(a) 25°C (6) 40°C 

(c) 60°C (d) 75°C 

16.50. In selenium rectifiers efficiencies rang¬ 
ing from . to . percent are at¬ 

tainable 

(a) 25, 35 (b) 40, 50 

(c) 60, 70 (d) 75, 85 

16.51. Ageing of a selenium rectifier may 
change the output voltage by 


6.13 

(а) 5 to 10 per cent 

(б) 15 to 20 per cent 

(c) 25 to 30 per cent 

(d) none of the above 

16.52. The applications of selenium rectifiers 
are usually limited to potential of 

(a) 10 V (6) 30 V 

(c) 60 V (d) 100 V 

(e) 200 V 

16.53. Which of the following rectifiers have 
been used extensively in supplying 
direct current for electroplating ? 

(a) Copper oxide rectifiers 

( b ) Selenium rectifiers 

(c) Mercury arc rectifiers 

(d) Mechanical rectifiers 

( e ) None of the above 

16.54. A commutating rectifier consists of 
commutator driven by 

(а) an induction motor 

(б) a synchronous motor 

(c) a D.C. series motor 

(d) a D.C. shunt motor 

16.55. Which of the following rectifiers are 
primarily used for charging of low volt¬ 
age batteries from A.C. supply ? 

(а) Mechanical rectifiers 

(б) Copper oxide rectifiers 

( c ) Selenium rectifiers 

(d) Electrolytic rectifiers 

(e) Mercury arc rectifiers 

16.56. The efficiency of an electrolytic rectifier 
is nearly 

(a) 80% (6) 70% 

(c) 60% {d) 40% 

16.57. Which of the following is the loss within 
the mercury arc rectifier chamber ? 

(а) Voltage drop in arc 

(б) Voltage drop at the anode 

( c ) Voltage drop at the cathode 

(d) All of the above 

16.58. The metal rectifiers, as compared to 
mercury arc rectifiers 

• (a) operate on low temperatures 

(6) can operate on high voltages 
(c) can operate on heavy loads 
(i d ) give poor regulation 

(e) none of the above 
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16.59. In a mercury arc rectifier, the anode is 
usually made of 

(a) copper ( b) aluminium 

(c) silver ( d) graphite 

(e) tungsten 

B. Fill in the Blanks/Say Yes’ or ‘No’: 

16.61. A motor converter is. 

16.62. A motor converter can be operated on 

any frequency. (Yes/No) 

16.63. In a motor converter it is possible to 

obtain D.C. voltage only upto 400—600 
V. (Yes/No) 

16.64. A . converter is a single machine 

with one armature and one field. 

16.65. A synchronous converter combines the 

function of a synchronous motor and a 
D.C. generator. (Yes/No) 

16.66. Normally a.converter is used when 

a large-scale conversion from AC. to 
D.C. power is required. 

16.67. A synchronous or rotary converter is 
.in action. 

16.68. When a rotary converter receives power 
from a D.C. supply mains and converts 

it into A.C. power it is called.rotary 

converter. 

16.69. A rotary converter is portable. (Yes/No) 

16.70. A. converter is liable to flashover 

and reversal of polarity. 

16.71. A rotary converter operates at a . 

power factor. 

16.72. A... .. is a device which converts alter¬ 
nating current into unidirectional cur¬ 
rent by virtue of a characteristic 
permitting appreciable flow of current 
in only one direction. 

16.73. In a mercury arc rectifier the voltage 

drop between the anode and cathode 
comprises of anode drop, cathode drop 
and.drop. 

16.74. A mercury arc rectifier is easily adap¬ 
table to variable frequency operation. 

(Yes/No) 

16.75. A mercury arc rectifier has a slow 
response to load demands. (Yes/No) 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

16.60. The ignited or auxiliary anode in mer¬ 
cury arc rectifier is made of 

(a) graphite (6) boron carbide 

(c) aluminium ( d ) copper 

16.76 . rectifiers, because of inherent 

mechanical weakness of glass, cannot 
be manufactured for very large out¬ 
puts. 

16.77. Steel rectifiers are mounted in a vacuum 
chamber of steel, are dismountable, 
continuously evacuated and are water 
cooled. (Yes/No) 

16.78 .factor is the ratio of the volt- 

amperes obtained from the rectifier on 
the output side to volt-amperes sup¬ 
plied from A.C. input side. 

16.79. In a mercury arc rectifier it is the 
leakage reactance of the transformer 
on which the magnitude of angle of the 
.depends. 

16.80. A metal arc rectifier possesses a 
straight line regulation characteristics. 

(Yes/No) 

16.81. In . control method grid voltage is 

altered gradually. 

16.82. In hard control and impulse control 
method the variations of grid voltages 
are sudden, i.e. , in the form of impulses. 

(Yes/No) 

16.83. In . control method the control is 

carried out by varying the phase of the 
grid voltage. 

16.84. The metal rectifiers are preferred to 

.rectifiers as these are mechanically 

strong and do not require any voltage 
for filament heating. 

16.85 .rectifier is not a linear device and 

its resistance losses necessitate large 
heat dissipation. 

16.86. The copper oxide rectifier, because of 

.efficiency, is unsuitable for rectifying 

large amounts of power. 

16.87. The . rectifier finds use in control 

circuits and is adaptable to various vol¬ 
tages and currents. 
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16.88.rectifiers can be used on polyphase 

circuits to supply large values of current. 

16.89. Selenium rectifiers are less efficient 
than the mercury arc rectifiers when 
used on high-voltage systems. 

(Yes/No) 

16.90. rectifiers have been used exten¬ 

sively in supplying direct current for 
electroplating’. 

16.91. A mercury arc rectifier occupies . 

floor space. 

16.92. Mercury possesses a . charac¬ 

teristics. 

16.93. In a mercury arc rectifier, if a per¬ 
forated grid is interposed between the 
anode and cathode the movement of the 
electrons towards the anode can be con¬ 
trolled by means of assigning proper 
.to it. 


16.94. In mercury arc rectifiers, mercury is 

used as. 

16.95. The.rectifier, because of low effi¬ 

ciency, is unsuitable for rectifying large 
amounts of power. 

16.96. The selenimum cell can withstand 

larger.voltages. 

16.97. Changes in temperature have.ef¬ 

fect on the selenium cell than on the 
copper oxide unit. 

16.98. If.rectifiers are not used for some¬ 

times, then film is lost and film has to 
be reformed if they are to be reused. 

16.99. In an electrolytic rectifier, buzzing 

sound indicates the.of electrolyte. 

16.100. In an electrolytic rectifier, if the heat¬ 
ing of the electrolyte is excessive it in¬ 
dicates that the rectifier needs to be 


ANSWERS 

(Converters and Rectifiers) 
A. Choose the Correct Answer: 


16.1. (e) 

16.2. (e) 

16.3. (a) 

16.4. {d) 

16.5. (a) 

16.6. (b) 

16.7. (c) 

16.8. (6) 

16.9. id) 

16.10. (d) 

16.11. id) 

16.12. ( b ) 

16.13. (6) 

16.14. (a) 

16.15. (c) 

16.16. (d) 

16.17. (6) 

16.18. (6) 

16.19. (e) 

16.20. (c) 

16.21. (d) 

16.22. id) 

16.23. (e) 

16.24. (c) 

16.25. (a) 

16.26. (a) 

16.27. {d) 

16.28. (c) 

16.29. (e) 

16.30. (d) 

16.31. (a) 

16.32. ( b ) 

16.33. (a) 

16.34. (d) 

16.35. (a) 

16.36. id) 

16.37. (e) 

16.38. (a) 

16.39. (c) 

16.40. (b) 

16.41. (a) 

16.42. (6) 

16.43. (c) 

16.44. (c) 

16.45. (c) 

16.46. (a) 

16.47. {d) 

16.48. <d ) 

16.49. (d) 

16.50. {d) 

16.51. (a) 

16.52. {d) 

16.53. (b) 

16.54. ( b ) 

16.55. {d) 

16.56. (c) 

16.57. id) 

16.58. (a) 

16.59. {d) 

16.60. (b) 

B. Fill in the Blanks/Say ‘Yes’ or ‘No’: 



16.61. self-starting 


16.62. Yes 


16.63. No 

16.64. rotary 


16.65. Yes 


16.66. synchronous 

16.67. reversible 


16.68. inverted 


16.69. Yes 

16.70. rotary 


16.71. high 


16.72. rectifier 

16.73. arc 


16.74. Yes 


16.75. No 
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16.76. Glass 

16.79. overlap 

16.82. Yes 

16.85. Copper oxide 

16.88. Selenium 

16.91. small 

16.94. cathode 

16.97. less 

16.100. recharged. 

16.77. Yes 16.78. Utility 

16.80. Yes 16.81. soft 

16.83. phase-shift 16.84. valve 

16.86. low 16.87. copper oxide 

16.89. Yes 16.90. Selenium 

16.92. self-restoring 16.93. voltages 

16.95. copper oxide 16.96. reverse 

16.98. electrolytic 16.99. weakness 


□ □ 
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Power Plant Engineering 

(Generation of Electrical Power) 


17.1. SOURCES OF ENERGY 


The various sources of energy are : 

< Solids—Coal, coke, anthracite etc. 

Liquids—Petroleum and its derivatives. 

Gases—Natural gas, blast furnace gas etc. 

2. Energy stored in water 3. Nuclear energy 

4. Wind power 5. Solar energy 

6. Tidal power 7* Geothermal energy 

8. Thermoelectric power. 


17.2. STEAM POWER PLANT 


17.2.1. Layout 

Refer Fig. 17.1. The layout of a modem steam power plant comprises of the following four 
circuits : 

1. Coal and ash circuit 2. Ash and gas circuit 

3. Feed water and steam flow circuit 4. Cooling water circuit. 

Coal and Ash Circuit. Coal arrives at the storage yard and after necessary landing, passes 
on to the furnaces through the fuel feeding device . Ash resulting from combustion of coal collects at 
the back of the boiler and is removed to the ash storage yard through ash handling equipment . 

Ash and Gas Circuit. Ash is taken in from atmosphere through the action of a forced or 
induced draught fan and passes on to the furnace through the air preheater , where it has been heated 
by the heat of flue gases which pass to the chimney via the preheater. The flue gases after passing 
around boiler tubes and superheater tubes in the furnace pass, through a dust catching device or 
precipitator, then through the economiser, and finally through the air preheater before being 
exhausted to the atmosphere. 

Feed Water and Steam Flow Circuit. In the water and steam circuit condensate leaving 
the condenser is first heated in a closed feed water heater through extracted steam from the lowest 
pressure extraction point of the turbine. It then passes through the deaerator and a few more water 
heaters before going into the boiler through economiser . 

In the boiler drum and tubes, water circulates due to the difference between the density of 
water in the lower temperature and the higher temperature sections of the boiler. Wet steam from 

17.1 
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To atmosphere 



the drum is further heated up in the superheater for being supplied to the prime mover. After 
expanding in high pressure turbine steam in taken to the reheat boiler (not shown) and brought to 
its original dryness or superheated before being passed on to the low pressure turbine. From there 
it is exhausted through the condenser into the hot well. The condensate is heated in the feed heaters 
(not shown) using the steam trapped (bled-steam) from different points of turbine. 

A part of steam and water is lost while passing through different components and this is 
compensated by supplying additional feed water. This feed water should be purified before hand, to 
avoid the scaling of the tubes of the boiler. 

Cooling Water Circuit. The cooling water supply to the condenser helps in maintaining a 
low pressure in it. The water may be taken from a natural source such as river, lake or sea or the 
same water may be cooled and circulated once again. In the latter case the cooling arrangement is 
made through spray pond or cooling lower. 


17.2.2. Components of a Modern Steam Power Plant 
A modem steam power plant comprises of the following components : 

1. Boiler 


(i) Superheater 
(Hi) Economiser 

2. Steam turbine 
4. Condenser 

6. Circulating water pymp 
8. Wagon tippler 
10. Coal mill 
12. Ash precipitators 
14. Forced draught fans 
16. Control room 


(») Reheater 
(iv) Air-heater 

3. Generator 
5. Cooling towers 
7. Boiler feed pump 
9. Crusher house 
11. Induced draught fans 
13. Boiler chimney 
15. Water treatment plant 
17. Switch yard. 
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Functions of some important parts of a steam power plant: 

1. Boiler. Water is converted into wet steam. 

2. Superheater. It converts wet steam into superheated steam. 

3. Turbine. Steam at high pressure expands in the turbine and drives the generator. 

4. Condenser. It condenses steam used by the steam turbine. The condensed steam (known 
as condensate) is used as a feed water. 

5. Cooling tower. It cools the condenser circulating water. Condenser cooling water absorbs 
heat from steam. This heat is discharged to atmosphere in cooling water. 

6. Condenser circulating water pump. It circulates water through the condenser and the 
cooling tower. 

7. Feed water pump. It pumps water in the water tubes of boiler against boiler steam 
pressure. 

8. Economiser. In economiser heat in flue gases is partially used to heat incoming feed water. 

9. Air preheater. In air preheater heat in flue gases (the products of combustion) is partially 
used to heat incoming air. 

17.3. HYDRO-ELECTRIC POWER PLANTS 

17.3.1. Classification 

Hydro-electric power stations may be classified as follows : 

A. According to availability of head 

1. High head power plants 2. Medium head power plants 

3. Low head power plants. 

B. According to the nature of load 

1. Base load plants 2. Peak load plants. 

C. According to the quantity of water available 

1. Run-of-river plant without pondage 2. Run-of-river plant with pondage 

3. Storage type plants 4. Pump storage plants 

5. Mini and micro-hydel plants. 

17.3.1.1. According to Availability of Head 

The following figures give a rough idea of the heads under which the various types of plants 


work: 

(i) High head power plants ...... 100 m and above 

(; ii ) Medium head power plants, .30^to 500 m 

(Hi) Low head power plants .25 to 80 m 


Note, It may be noted that figures given above overlap each other. Therefore it is difficult to classify the 
plants directly on the basis of head alone. The basis, therefore, technically adopted is the specific speed of the 
turbine used for a particular plant. 

1. High Head Power Plants 

These types of plants work under heads ranging from 25 to 2000 metres. Water is usually 
stored up in lakes on high mountains during the rainy season or during the season when the snow 
melts. The rate of flow should be such that water can last throughout the year. 
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Fig. 17.2 shows high head power plant layout. Surplus water discharged by the spillway cannot 
endanger the stability of the main dam by erosion because they are separated. The tunnel through 



Fig . 17.2. High head power plant layout. The main dam , spillway, 
and power house stand at widely separated locations . Water flows 
from the reservoir through a tunnel and penstock to the turbines. 

the mountain has a surge chamber excavated near the exit. Flow is controlled by head gates at the 
tunnel intake, butterfly valves at the top of the penstocks, and gate valves at the turbines. This type 
of site might also be suitable for an underground station. 

The Pelton wheel is the common prime mover used in high head power plants. 

2. Medium Head Power Plants 

Refer Fig. 17.3. When the operating head of water lies between 30 to 100 metres, the power 
plant is known as medium head power plant. This type of plant commonly uses Francis turbines. The 



forebay provided at the beginning of the penstock serves as water reservoir. In such plants, the water 
is generally carried in open canals from main reservoir to the forebay and then to the powerhouse 
through the penstock. The forebay itself works as a surge tank in this plant. 

6.3. LOW HEAD POWER PLANTS 

Refer Fig. 17.4. These plants usually consist of a dam across a river. A sideway stream diverges 
from the river at the dam. Over this stream the power house is constructed. Later this channel joins 
the river further down stream. This type of plant uses vertical shaft Francis turbine or Kaplan 
turbine. 
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Fig. 17.4. Low head power plant layout. 

17.3.1.2. According to the nature of load 

1. Base Load Plants 

The plants which cater for the base load of the system are called hose load plants. These plants 
are required to supply a constant power when connected to the grid. Thus they run without stop and 
are often remote-controlled with which least staff is required for such plants. Run-of-river plants 
without pondage may sometimes work as base load plant, but the firm capacity in such cases will be 
very much less. 

2. Peak load Plants 

The plants which can supply the power during peak loads are known as peak load plants. 
Some of such plants supply the power during average load but also supply peak load as and when it 
is there, whereas other peak load plants are required to work during peak load hours only. The 
run-of-river plants may be made for the peak load by providing pondage. 

17.3.1.3. According to the quantity of water available 

1. Run-of-river plants without pondage. A run-of-river plant without pondage, as the 
name indicates, does not store water and uses the water as it comes. There is no control on flow of 
water so that during high floods or low loads water is wasted while during low run-off the plant 
capacity is considerably reduced. Due to non-uniformity of supply and lack of assistance from a firm 
capacity the utility of these plants is much less than those of other types. The head on which these 
plants work varies considerably . Such a plant can be made a great deal more useful by providing 
sufficient storage at the plant to take care of the hourly fluctuations in load. This lends some firm 
capacity to the plant. During good flow conditions these plants may cater to base load of the system, 
when flow reduces they may supply the peak demands. Head water elevation for plant fluctuates with 
the flow conditions. These plants without storage may sometimes be made to supply the base load, 
but the firm capacity depends on the minimum flow of river. The run-of-river plant may be made for 
load service with pondage, though storage is usually seasonal. 

2. Run-of-river plant with pondage. Pondage usually refers to the collection of water 
behind a dam at the plant and increases the stream capacity for a short period, say a week. Storage 
mean collection of water in upstream reservoirs and this increases the capacity of the stream over 
an extended period of several months. Storage plants may work satisfactorily as base load and peak 
load plants. 

This type of plant, as compared to that without pondage, is more reliable and its generating 
capacity is less dependent on the flow rates of water available. 

3. Storage type plants. A storage type plant is one with a reservoir of sufficiently large size 
to permit carry-over storage from the wet season to the dry season, and thus to supply firm flow 
substantially more than the minimum natural flow. This plant can be used as base load plant as well 
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as peak load plant as water is available with control as required. The majority of hydro-electric plants 
are of this type. 

4. Pumped Storage Plants. Refer Fig. 17.5. Pumped storage plants are employed at the 
places where the quantity of water available for power generation is inadequate. Here the water 



passing through the turbines is stored in ‘tail race pond \ During low load periods this water is pumped 
back to the head reservoir using the extra energy available. This water can be again used for 
generating power during peak load periods. Pumping of water may be done seasonally or daily 
depending upon the conditions of the site and the nature of the load on the plant. 

Such plants are usually interconnected with steam or diesel engine plants so that off peak 
capacity of interconnecting stations is used in pumping water and the same is used during peak load 
periods. Of course, the energy available from the quantity of water pumped by the plant is less than 
the energy input during pumping operation. Again while using pumped water the power available 
is reduced on account of losses occuring in prime-movers. 

17.4. MAIN COMPONENTS OF A NUCLEAR POWER PLANT 

Fig. 17.6 shows schematically a nuclear power plant. 

Hot coolant 



Fig. 17.6. Nuclear power plant. 

The main components of a nuclear power plant are : 

1. Nuclear reactor 2. Heat exchanger (steam generator) 

3. Steam turbine 4. Condenser 

5. Electric generator. 
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In a nuclear power plant the reactor performs the same function as that of the furnace of 
steam power plant (i.e., produces heat). The heat liberated in the reactor as a result of the nuclear 
fission of the fuel is taken up by the coolant circulating through the reactor core. Hot coolant leaves 
the reactor at the top and then flows through the tubes of steam generator and passes on its heat to 
the feed water. The steam so produced expands in the steam turbine, producing work, and thereafter 
is condensed in thecondenser. The steam turbine in turn runs an electric generator thereby producing 
electrical ener-gy. In order to maintain the flow of coolant, condensate and feed water pumps are 
provided as shown in Fig. 17.6. 

17.5. A SIMPLE GAS TURBINE PLANT 

A gas turbine plant may be defined as “a plant in which the principal prime-mover is of the 
turbine type and the working medium is permanent gas”. 

Refer Fig. 17.7. A simple gas turbine plant consists of the following: 

1. Turbine. 

2. A compressor mounted on the same shaft or coupled to the turbine. 

3. The combustor. 

A. Auxiliaries such as starting device, auxiliary lubrication pump, fuel system, oil system and 
the duct system etc. 


Nozzle Combustor 



A modified plant may have in addition to above an intercooler, regenerator, a reheater etc. 
The working fluid is compressed in a compressor which is generally rotary, multistage type. 
Heat energy is added to the compressed fluid in the combustion chamber. This high energy fluid, at 
high temperature and pressure, then expands in the turbine unit thereby generating slower. Part of 
the power generated is consumed in driving the generating compressor and accessories and the rest 
is utilised in electrical energy. The gas turbines work on open cycle, semi-closed cycle or closed cycle. 
In order to improve efficiency, compression and expansion of working fluid is carried out in 
multistages. 

17.6. DIESEL ENGINE POWER PLANT 
17.6.1. Introduction 

Diesel engine power plants are installed where supply of coal and water is not available in 
sufficient quantity or where power is to be generated in small quantity or where standby sets are 
required for continuity of supply such as in hospitals, telephone exchanges, radio stations and cinemas. 
These plants in the range of 2 to 50 MW capacity are used as central stations for supply authorities 
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and works and they are universally adapted to supplement hydro-electric or thermal stations where 
stand-by generating plants are essential for starting from cold and under emergency conditions. 

In several countries, the demand for diesel power plants is increased for electric power 
generation because of difficulties experienced in construction of new hydraulic plants and enlarge¬ 
ment of old hydro-plants. A long term planning is required for the development of thermo and 
hydro-plants which cannot keep the pace many times with the increased demand by the people and 
industries. 

The diesel units used for electric generation are more reliable and long-lived piece of equipment 
compared with other types of plants. 

17.6.2. Essential Components of a Diesel Power Plant 

Refer Fig. 17.8. The essential components of a diesel power plant are listed and discussed 

below : 


Compressor-* 
Air bottles 

Air duct 



^Air duct 


Lubricating 



Fuel oil 
tanks 


Fig. 17.8. Schematic arrangement of a diesel power plant. 
1. Engine 2. Air intake system 

3. Exhaust system 4. Fuel system 

5. Cooling system 6. Lubrication system 

7. Engine starting system 8. Governing system. 


OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer : 

17.1. The commercial sources of energy are 

(а) solar, wind and biomass 

(б) fossil fuels, hydropower and nuclear 
energy 

(c) wood, animal wastes and agricul¬ 
ture wastes 

(d) none of the above 

17.2. Non-commercial sources of energy are 

(а) wood, animal wastes and agricul¬ 
ture wastes 

(б) solar, wind and biomass 


(c) fossil fuels, hydropower and nuclear 
power 

(d) none of the above 

17.3. The primary sources of energy are 

(а) coal, oil and uranium 

(б) hydrogen, oxygen and water 

(c) wind, biomass and geothermal 

( d ) none of the above 

17.4. The secondary sources of energy are 

(a) solar, wind and water 

(b) coil, oil and uranium 
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(c) either (a) or (b) 

(< d ) neither (a) or (b) 

17.5. In India largest thermal power station 
is located at 

(a) Kota (b) Sarni 

(c) Chandrapur (d) Neyveli 

17.6. The percentage 0 2 by weight in atmos¬ 
pheric air is 

(a) 18% (b) 23% 

(c) 77% (d) 79% 

17.7. The percentage 0 2 by volume in atmos¬ 
phere air is 

(a) 21% (b) 23% 

(e) 77% {d) 79% 

17.8. The proper indication of incomplete 
combustion is 

(a) high CO content in flue gases at exit 

(b) high CO 2 content in flue gases at 
exit 

(c) high temperature of flue gases 

( d ) the smoking exhaust from chimney 

17.9. The main source of production of biogas 
is 

(a) human waste (b) wet cow dung 

(c) wet livestock waste 

(d) all above 

17.10. India’s first nuclear power plant was 
installed at 

(a) Tarapore (b) Kota 

(c) Kalpakkam 

(d) none of the above 

17.11. In fuel cell, the.energy is converted 

into electrical energy. 

(a) mechanical (b) chemical 

(c) heat (d) sound 

17.12. Solar thermal power generation can be 
achieved by 

(a) using focusing collector or helio- 
states 

(b) using flat plate collectors 

(c) using a solar pond 

(d) any of the above system 

17.13. The energy radiated by sun on a bright 
sunny day is approximately 

(a) 700 W/m 2 (b) 800 W/m 2 

(c) 1 kW/m 2 (d) 2 kW/m 2 

17.14. Thorium Breeder Reactors are most 
suitable for India because 


17.9 

(a) these develop more power 

(b) its technology is simple 

(c) abundance of thorium deposits are 
available in India 

(d) these can be easily designed 

17.15. The overall efficiency of thermal power 
plant is equal to 

(a) Rankine cycle efficiency 

(b) Carnot cycle efficiency 

(c) Regenerative cycle efficiency 

(d) Boiler efficiency x turbine efficiency 
x generator efficiency 

17.16. Rankine cycle efficiency of a good steam 
power plant may be in the range of 

(a) 15 to 20 per cent 

(b) 35 to 45 per cent 

(c) 70 to 80 per cent 

(d) 90 to 95 per cent 

17.17. Rankine cycle operating on low pres¬ 
sure limit of/?! and high pressure limit 
0fP2 

(a) has higher thermal efficiency than 
the carnot cycle operating between 
same pressure limits 

(b) has lower thermal efficiency than 
carnot cycle operating between same 
pressure limits 

(c) has same thermal efficiency as car¬ 
not cycle operating between same 
pressure limits 

(d) may be more or less depending upon 
the magnitude ofpi and p2 

17.18. Rankine efficiency of a steam power 
plant 

(a) improves in summer as compared to 
that in winter 

(b) improves in winter as compared to 
that in summer 

(c) is unaffected by climatic conditions 
(< d ) none of the above 

17.19. Carnot cycle comprises of 

(a) two isentropic processes and two 
constant volume processes 

(b) two isentropic processes and two 
constant pressure processes 

(c) two isothermal processes and two 
constant pressure processes 

(d) none of the above 
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17.20. In Rankine cycle the work output from 
the turbine is given by 

(а) change of internal energy between 
inlet and outlet 

(б) change of enthaply between inlet 
and outlet 

(c) change of entropy between inlet and 
outlet 

id) change of temperature between 
inlet and outlet 

17.21. Regenerative heating, i.e ., bleeding 
steam to reheat feed water to boiler 

(a) decreases thermal efficiency of the 
cycle 

(b) increases thermal efficiency of the 

cycle 

(c) does not affect thermal efficiency of 
the cycle 

{d) may increase or decrease thermal 
efficiency of the cycle depending 
upon the point of extraction of 
steam 

17.22. Regenerative cycle thermal efficiency 

(а) is always greater than simple 
Rankine thermal efficiency 

(б) is greater than simple Rankine 
cycle thermal efficiency only when 
steam is bled at particular pressure 

(c) is same as simple Rankine cycle 
thermal efficiency 

(d) is always less than simple Rankine 
cycle thermal efficiency 

17.23. In a regenerative feed heating cycle, 
the optimum value of the fraction of 
steam extracted for feed heating 

(а) decreases with increase in Rankine 
cycle efficiency 

(б) increases with increase in Rankine 
cycle efficiency 

(c ) is unaffected by increase in Rankine 
cycle efficiency 

(d) none of the above 

17.24. In a regenerative feed heating cycle, 
the greatest economy is affected 

(a) when steam is extracted from only 
one suitable point of steam turbine 


( b ) when steam is extracted from 
several places in different stages of 
steam turbine 

(c) when steam is extracted only from 
the last stage of steam turbine 

(d) when steam is extracted only from 
the first stage of steam turbine 

17.25. The maximum percentage gain in 
Regenerative feed heating cycle ther¬ 
mal efficiency 

(a) increases with number of feed 
heaters increasing 

(b) decreases with number of feed 
heaters increasing 

(c) remains same unaffected by number 
of feed heaters 

(d) none of the above 

17.26. In regenerative cycle feed water is 
heated by 

(a) exhaust gases (6) heaters 

(c) draining steam from the turbine 

(d) all above 

17.27. Reheat cycle in steam power plant is 
used to 

(a) utilise heat of flue gases 
(fc) increase thermal efficiency 

(c) improve condenser performance 

(d) reduce loss of heat 

17.28. Mercury is a choice with steam in 
binary vapour cycle because it has 

(a) higher critical temperature and 
pressure 

(b) higher saturation temperature than 
other fluids 

(c) relatively low vapourisation pressure 

( d ) all above 

17.29. Binary'vapour cycles are used to 

(а) increase the performance of the con¬ 
denser 

(б) increase the efficiency of the plant 
( c ) increase efficiency of the turbine 

17.30. A steam power station requires space 

(а) equal to diesel power station 

(б) more than diesel power station 
(c) less than diesel power station 

17.31. Economiser is used to heat 

(a) air (6) feed water 

(c) flue gases (d) all above 
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17.32. The modem steam turbines are 

(а) impulse turbines 

(б) reaction turbines 

"r (c) impulse-reaction turbines 

(d) none of the above 

17.33. The draught which a chimney produces 
is called 

(а) induced draught 

(б) natural draught 
(c) forced draught 

(i d ) balanced draught 

17.34. The draught produced by steel chimney 
as compared to that produced by brick 
chimney for the same height is 

(a) less (6) more 

(c) same 

(d) may be more or less 

17.35. In a boiler installation the natural 
draught is produced 

(a) due to the fact that furnace gases 
being light go through the chimney 
giving place to cold air from outside 
to rush in 

(b) due to the fact that pressure at the 
grate due to cold column is higher 
than the pressure at the chimney 
base due to hot column 

(c) due to the fact that at the chimney 
top the pressure is more than its 
environmental pressure 

(d) all of the above 

( 17.36. The draught produced, for a given 
height of the chimney and given mean 
temperature of chimney gases 

(а) decreases with increase in outside 
air temperature 

(б) increases with increase in outside 
air temperature 

(c) remains the same irrespective of 
outside air temperature 

(d) may increase or decrease with in¬ 
crease in outside air temperature 

17.37. The draught produced by chimney of 
given height at given outside tempera¬ 
ture 

(a) decreases if the chimney gas tempe¬ 
rature increases 


17.11 

(6) increases if the chimney gas tempe¬ 
rature increases 

(c) remains same irrespective of chim¬ 
ney gas temperature 

(d) may increase or decrease 

17.38. For forced draught system, the function 
of chimney is mainly 

(а) to produce draught to accelerate the 
combustion of fuel 

(б) to discharge gases high up in the 
atmosphere to avoid hazard 

(c) to reduce the temperature of the hot 
gases discharged 

(d) none of the above 

17.39. Artificial draught is produced by 

(a) induced fan (6) forced fan 

(c) induced and forced fan 

(d) all of the above 

17.40. The draught in locomotive boilers is 
produced by 

(a) forced fan ( b ) chimney 

(c) steam jet 

(d) only motion of locomotive 

17.41. For the same draught produced the 
power of induced draught fan as com¬ 
pared to forced draught fan is 

(a) less (6) more 

( c ) same ( d) not predictable 

17.42. Artificial draught is produced by 

(a) air fans (6) steam jet 

(c) fan or steam jet 

(d) all of the above 

17.43. The artificial draught normally is 
designed to produce 

(a) less smoke (b) more draught 

(c) less chimney gas temperature 

(d) all of the above 

17.44. For the induced draught the fan is 
located 

(а) near bottom of chimney 

(б) near bottom of furnace 

(c) at the top of the chimney 

(d) anywhere permissible 

17.45. The pressure at the furnace is mini¬ 
mum in case of 

(а) forced draught system 

(б) induced^draught system 

(c) balanced draught system 

(d) natural draught system 
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17*46. The efficiency of chimney is approxi¬ 
mately 

(a) 80% t b ) 40% 

(c) 20% (d) 0.25% 

17.47. For a steam nozzle, if pi = inlet pres¬ 
sure, p 2 = exit pressure and n is the 
index of isentropic expansion, the mass 
flow rate per unit area is maximum if 


n - 1 



17.48. 


17.49. 


PI 


n 

2 \n - 1 
rc + 1 


The isentropic expansion of steam 
through nozzle for the steam initially 
superheated at inlet is approximated 
by equation 

(< a)pv 1 ' 3 = C ( b)pv hl2B = C 

(c) pv 1A = C (d)pv = C 

The ratio of exit pressure to inlet pres¬ 
sure for maximum mass flow rate per 
unit area of steam through a nozzle 
when steam is initially dry saturated is 

(a) 0.6 (6) 0.578 

(c) 0.555 ( d) 0.5457 


17.50. The ratio of exit pressure to inlet pres¬ 
sure of maximum mass flow rate per 
area of steam through a nozzle when 
steam is initially superheated is 

(a) 0.555 (6) 0.578 

(c) 0.5457 {d) 0.6 

17.51. The critical pressure ratio of a conver¬ 
gent nozzle is defined as 

(а) the ratio of outlet pressure to inlet 
pressure of nozzle 

(б) the ratio of inlet pressure to outlet 
pressure of nozzle 

(c) the ratio of outlet pressure to inlet 


pressure only when mass flow rate 
per unit area is minimum 
(d) the ratio of outlet pressure to inlet 
pressure only when mass flow rate 
per unit is maximum 

17.52. The isentropic expansion of steam 
through nozzle for the steam initially 
dry saturated at inlet is approximated 
by equation. 

(a) pv = C (6) pv lA - C 

(c) pv 1 - 3 = C (d) pv 1 - 135 = C 

17.53. The effect of considering friction losses 
in steam nozzle for the same pressure 
ratio leads to 

(а) increase in exit velocity from the 
nozzle 

(б) decrease in exit velocity from the 
nozzle 

(c) no change in exit velocity from the 
nozzle 

(d) increase or decrease depending 
upon the exit quality of steam 

17.54. The effect of considering friction in 
steam nozzles for the same pressure 
ratio leads to 

(а) increase in dryness fraction of exit 
steam 

(б) decrease in dryness fraction of exit 
steam 

(c) no change in the quality of exit 
steam 

(d) decrease or increase of dryness frac¬ 
tion of exit steam depending upon 
inlet quality 

17.55. In case of impulse steam turbine 

(a) there is enthalpy drop in fixed and 
moving blades 

( b ) there is enthalpy drop only in 
moving blades 

(c) there is enthalpy drop in nozzles 

(d) none of the above 

17.56. De-Laval turbine is 

(a) pressure compounded impulse tur¬ 
bine 

(b) velocity compounded impulse tur¬ 
bine 

(c) simple single wheel impulse tur¬ 
bine 
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(d) simple single wheel reaction tur¬ 
bine 

17.57. The pressure on the two sides of the 

impulse wheel of a steam turbine 

(а) is same 

(б) is different 

(c) increases from one side to the other 
side 

( d ) decreases from one side to the other 
side 

17.58. In De Laval steam turbine 

(a) the pressure in the turbine rotor is 
approximately same as in con¬ 
denser 

( b ) the pressure in the turbine rotor is 
higher than pressure in the con¬ 
denser 

(c) the pressure in the turbine rotor 
gradually decreases from inlet to 
exit from condenser 

(d) none from the above 

17.59. In case of reaction steam turbine 

(а) there is enthalpy drop both in fixed 
and moving blades 

(б) there is enthalpy drop only in fixed 
blades 

(c) there is enthalpy drop only in 
moving blades 

(cO none of the above 

17.60. Curtis turbine is 2 

(a) reaction steam turbine 

(b) pressure velocity compounded steam 
turbine 

(c) pressure compounded impulse steam 
turbine 

(d) velocity compounded impulse steam 
turbine 

17.61. Rateau steam turbine is 

(а) reaction steam turbine 

(б) velocity compounded impulse steam 
turbine 

(c) pressure compounded impulse steam 
turbine 

(d) pressure velocity compounded steam 
turbine 

17.62. Parson’s turbine is 

(a) pressure compounded steam tur¬ 
bine 


(6) simple single wheel, impulse steam 
turbine 

(c) simple single wheel reaction steam 
turbine 

(d) multi wheel reaction steam turbine 

17.63. Blade or diagram efficiency is given by 

. . (Cwi ± Cwo)Cbi 2 Cb(Cw\ * Cwo) 

(a) - 7T - (o) — 


Cl 


(c) 


Cb? 


id) 


Ci 2 
Ci 2 - Co 2 


Ci* Ci 2 

17.64. Axial thrust on rotor of steam turbine 
is 

(a) m s (C/i - Cf 0 ) (6) rh s 2 (Cf x - 2 Cf 0 ) 

(c) rh s (C/i + Cf 0 ) (d) m s (2C/i - Cf 0 ) 

17.65. Stage efficiency of steam turbine is 
id) Tjblade/rjnozzle (5) T]nozzleAlblade 

(c) TJnozzle X T|blade 

(d) none of the above 

17.66. For maximum blade efficiency for 
single stage impulse turbine 

(a) p | = \ = cos 2 a 


(b) p 

(c) p : 


: cos a 
cos a 


(d) p 


cos 2 a 


2 r " 2 

17.67 Degree of reaction as referred to steam 
turbine is defied as 


(a) 

(c) 


A hf 
A hm 
A hn 


0 b) 


A hr, 


A hf 


(d) 


A hf 


tJint + A hf vw/ A hf+ Ah m 

17.68 For Parson’s reaction steam turbine, 

degree of reaction is 
(a) 75% (6) 100% 

(c) 50% (d) 60% 

17.69. The maximum efficiency for Parson’s 
reaction turbine is given by 
. x cos a 

id) T|max = ' 


( b ) Tjmax — 

(c) T|max = 


1 + cos a 
2 cos a 

1 + cos a 

2 cos 2 a 

-i 2 

1 + cos a 
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(d) T]max 


1 + cos a 
2 cos 2 a 


17.70. Reheat factor in steam turbines 
depends on 

(a) exit pressure only 

( b ) stage efficiency only 

(c) initial pressure and temperature 
only 

(d) all of the above 

17.71. For multistage steam turbine reheat 
factor is defined as 

(а) stage efficiency x nozzle efficiency 

(б) cumulative enthalpy drop x rinozzle 
^ cumulative enthalpy drop 

isentropic enthalpy drop 
^ isentropic enthalpy drop 

cumulative actual enthalpy drop 

17.72. The value of reheat factor normally 
varies from 

(a) 0.5 to 0.6 (6) 0.9 to 0.95 

(c) 1.02 to 1.06 (d) 1.2 to 1.6 

17.73. Steam turbines are governed by the 
following methods 

(а) Throttle governing 

(б) Nozzle control governing 

(e) By-pass governing 

(d) all of the above 

17.74. In steam turbines the reheat factor 

(а) increases with the increase in num¬ 
ber of stages 

(б) decreases with the increase in num¬ 
ber of stages 

(c) remains same irrespective of num¬ 
ber of stages 

(d) none of the above 

17.75. The thermal efficiency of the engiAe 
with condenser as compared to without 
condenser, for a given pressure and 
temperature of steam, is 

(a) higher (6) lower 

(c) same as long as initial pressure and 
temperature is unchanged 

(d) none of the above 

17.76. In jet type condensers 

(а) cooling water passes through tubes 
and steam surrounds them 

(б) steam passes through tubes and 
cooling water surrounds them 


(c) steam and cooling water mix 

(d) steam and cooling water do not mix 

17.77. In a shell and tube surface condenser 

(a) steam and cooling water mix to give 
the condensate 

( b ) cooling water passes through the 
tubes and steam surrounds them 

(c) steam passes through the cooling 
tubes and cooling water surrounds 
them 

(d) all of the above varying with situa¬ 
tion 

17.78. In a surface condenser if air is removed, 
there is 

(a) fall in absolute pressure main¬ 
tained in condenser 

( b ) rise in absolute pressure main¬ 
tained in condenser 

( c ) no change in absolute pressure in 
the condenser 

(d) rise in temperature of condensed 
steam 

17.79. The cooling section in the surface con¬ 
denser 

(a) increases the quantity of vapour ex¬ 
tracted along with air 

(b) reduces the quantity of vapour ex¬ 
tracted along with air 

(c) does not affect vapour quantity ex¬ 
tracted but reduces pump capacity 
of air extraction pump 

(d) none of the above 
17.80 Edward's air pump 

(a) removes air and also vapour from 
condenser 

( b ) removes only air from condenser 

(c) removes only un-condensed vapour 
from condenser 

(d) removes air alongwith vapour and 
also the condensed water from con¬ 
denser 

17.81. Vacuum efficiency of a condenser is 
ratio of 


actual vacuum in 
condenser with air present 

theoretical vacuum in condenser 
with no air present 
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17.15 


theoretical vacuum in 
condenser with no air present 

^ actual vacuum in condenser 

with air present 


(c) 


partial pressure of vapour 
+ partial pressure of air present 

partial pressure of vapour only 


> partial pressure of vapour only 

partial pressure of vapour 
+ partial pressure of 
air pressure 

17.82. In a steam power plant, the function of 
a condenser is 


(a) to maintain pressure below atmos¬ 
pheric to increase work output from 
the primemover 

(b) to receive large volumes of steam 
exhausted from steam prime mover 

(c) to condense large volumes of steam 
to water which may be used again 
in boiler 

(d) all of the above 

17.83. In a regenerative surface condenser 

(a) there is one pump to remove air and 
condensate 

(b) there are two pumps to remove air 
and condensate 

(c) there are three pumps to remove 
air, vapour and condensate 

(d) there is no pump, the condensate 
gets removed by gravity 

17.84. Evaporative type of condenser has 

(a) steam in pipes surrounded by water 

(b) water in pipes surrounded by steam 

(c) either (a) or (6) 

(d) none of the above 


17.85. 


Condenser efficiency is defined is 


(a) 


saturation temperature 
_at condenser pressure_ 

rise in cooling water temperature 


(b) 


(c) 


temperature rise of cooling water 

saturation temperature corres¬ 
ponding to condenser pressure 

temperature rise of cooling water 

saturation temperature corres¬ 
ponding to condenser pressure 
- cooling water inlet temperature 


17.86. 


17.87. 


17.88. 


17.89. 


17.90. 


17.91. 


17.92. 


17.93. 


17.94. 


17.95. 


(d) 


saturation temperature corres¬ 
ponding to condenser pressure 

saturation temperature of vapour 
at its partial pressure in condenser 


Pipes carrying steam are generally 
made up of 

(a) steel (6) cast iron 

(c) copper (d) aluminium 


For the safety of a steam boiler the 
number of safety valves fitted are 
(a) four (6) three 

(c) two {d) one 

Steam turbines commonly used in 
steam power station are 

(а) condensing type 

(б) non-condensing type 
(c) none of the above 

Belt conveyer can be used to transport 
coal at inclinations upto 
(a) 30° (b) 60° 

(c) 80° (d) 90° 

The maximum length of a screw con¬ 
veyer is about 

(a) 30 metres (6) 40 metres 
(c) 60 metres (d) 100 metres 
The efficiency of a modern boiler using 
coal and heat recovery equipment is 
about 

(a) 25 to 30% (b) 40 to 50% 

(c) 65 to 70% (d) 85 to 90% 

The average ash content in Indian coals 
is about 

(а) 5% (b) 10% 

(c) 15% (d) 20% 

Load centre in a power station is 
{a) centre of coal fields 

(б) centre of maximum load of equip¬ 
ments 

(c) centre of gravity of electrical system 
Steam pressure in a steam power sta¬ 
tion, which is usually kept now-a-days 
is of the order of 

(a) 20 kgf/cm 2 ( b ) 50 kgf/cm 2 

(c) 100 kgf/cm 2 (d) 150 kgf/cm 2 
Economisers improve boiler efficiency 

by 

(a) 1 to 5% (6) 4 to 10% 

(c) 10 to 12% 
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17.96. 


17.97. 


17.98. 


17.99. 

17.100. 

17.101. 

17.102. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


Critical pressure for steam 
(a) 100 kgf/cm 2 

is 


(d) provide air round the burners for 
getting optimum combustion 

(b) between 
kgf/cm 2 

100 

kgf/cm 2 

and 

150 

17.103. Pressure of sulphur in coal will result 
in 

(c) between 
kgf/cm 2 

150 

kgf/cm 2 

and 

200 

(а) corroding air heaters 

(б) spontaneous combustion during coal 

(d) between 
kgf/cm 2 

200 

kgf/cm 2 

and 

250 

storage 

(c) causing clinkering and slagging 


Location of centre of gravity ( c.g .) of any 
electrical distribution system is deter¬ 
mined as 

. j ^ _ total loading (electrical) 

a c.g. - gum 0 f moments about 
two axes 

sum of moments about 

( r x_ two axes _ 

C 'g' ~ total loading 
(c) c.g . = sum of moments 

x total loading 
(' d ) c.g. = sum of moments 

x (total loading) 2 
Capacity of turbine and generator are 
related as 

(a) Turbine kW = gene ra tor kW 

generator efficiency 

(b) Turbine kW = generator kW 

x generator efficiency 

(c) Turbine kW = generator kW 

( d ) Turbine kW = (generator kW) 2 
The capacity of large turbo-generators 
varies from 

(a) 20 to 100 MW (b) 50 to 300 MW 
(c) 70 to 400 MW (d) 100 to 650 MW 
Caking coals are those which 

(а) burn completely 

(б) burn freely 

(c) do not form ash 

(d) form lumps or masses of coke 
Primary air is that air which is used to 

(а) reduce the flame length 

(б) increase the flame length 

(c) transport and dry the coal 

(d) provide air around burners for get¬ 
ting optimum combustion 

Secondary air is the air used to 

(а) reduce the flame length 

(б) increase the flame length 
(c) transport and dry the coal 


(d) facilitating ash precipitation 

( e ) all of the above 

17.104. Pulverised fuel is used for 

(a) saving fuel (6) better burning 
(c) obtaining more heat 

17.105. Combustible elements in the fuel are 

(а) carbon and hydrogen 

(б) carbon, hydrogen and sulphur 

(c) carbon, hydrogen and nitrogen 

(d) carbon, hydrogen and ash 

17.106. Heating value of diesel oil is about 
(a) 5000 kcal/kg (6) 7000 kcal/kg 
(c) 9000 kcal/kg (d) 11000 kcal/kg 

17.107. Higher calorific value (H.C.V.) is the 
heating value of fuel 

(а) without water vapour which are 
formed by combustion 

(б) with water vapour which are 
formed by combustion 

(c) none of the above 

17.108. Which one is essential for combustion 
of fuel ? 

(а) Oxygen to support combustion 

(б) Correct fuel air ratio 

(c) Proper ignition temperature 

( d ) All the three above 

17.109. Ultimate analysis of fuel is determina¬ 
tion of percentage of 

(а) total carbon by weight 

(б) total carbon by weight-unit weight 
of H 2 , O 2 , N 2 , sulphur and ash 

(c) ash, volatile matter and moisture 

17.110. Which of the following coals has the 
highest calorific value ? 

(a) Peat (6) Lignite 

(c) Bituminous (d) Anthracite coal 

17.111. The proximate analysis of coal gives 
(a) various chemical constituents, car¬ 
bon, hydrogen, oxygen and ash 
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(b) fuel constituents as percentage by 
weight, of moisture, volatile, fixed 
carbon and ash 

(c) percentage by weight, of moisture, 
volatile matter, fixed carbon and 
ash 

17.112. In coal preparation plant, magnetic 
separators are used to remove 

(a) dust (6) clinkers 

(c) iron particles ( d ) sand 

17.113. Load carrying capacity of belt conveyor 
is about 

(a) 20 to 40 tonnes/hr 

(b) 50 to 100 tonnes/hr 

(c) 100 to 150 tonnes/hr 

(d) 150 to 200 tonnes/hr 

17.114. Method which is commonly applied for 
unloading the coal for small power 
plant is 

(a) lift trucks (6) coal accelerators 

(c) tower cranes ( d ) belt conveyor 

17.115. Bucket elevators are used for 

(а) carrying coal in horizontal direction 

(б) carrying coal in vertical direction 

, (c) carrying coal in any direction 

17.116. The amount of air which is supplied for 
complete combustion is called 

(a) primary air (6) secondary air 

(c) tertiary air 

17.117. In.system fuel from a central pul¬ 

verizing unit is delivered to a bunker 
and then to the various burners 

(a) unit (6) central 

(c) none of the above 

17.118. Under-feed stokers work best for . 

coals high in volatile matter and with 
caking tendency 

(a) anthracite ( b ) lignite 

(c) semibituminous and bituminous 

17.119. Example of overfeed type stoker is 

(a) chain grate ( b ) spreader 

(c) travelling grate 

(d) all of the above 

17.120. Where unpulverised coal has to be used 
and boiler capacity is large, the stoker 
which is used is 

(a) underfeed stoker 

(b) overfeed stoker 

(c) any 


17.17 

17.121. Travelling grate stoker can burn coals 
at the rates of 

(а) 50—75 kg/m 2 per hour 

(б) 75—100 kg/m per hour 

(c) 100—150 kg/m^per hour 

(d) 150—200 kg/m 2 per hour 

17.122. Capacity of the underfeed stoker is of 
the order of 

(а) 100 to 200 kg of coal burned per 
hour 

(б) 100 to 500 kg of coal burned per 
hour 

(c) 100 to 2000 kg of coal burned per 
hour 

(d) 100 to 4000 kg of coal burned per 
hour 

17.123. Economisers are usually used in boiler 
plant working above 

(a) 30 kgf/cm 2 (6) 50 kgf/cm 2 

(c) 70 kgf/cm 2 (d) 90 kgf/cm 2 

17.124. Superheating of steam is desirable for 

(а) increasing the efficiency of Rankine 
cycle 

(б) reducing initial condensation losses 

(c) avoiding too high moisture in the 
last stage of turbine 

(d) all of the above 

(e) none of the above 

17.125. Thermal efficiency of the steam plant is 
of the order of 

(a) 30% ( b ) 50% 

(c) 60% (d) 80% 

17.126. In a regenerative air preheater, the 
heat is transferred 

(a) by direct mixing 

(b) by extracting some gas from the 
furnace 

(c) from heating an intermediate mate¬ 
rial and then heating the air from 
this material 

17.127. The height of chimney in a steam power 
plant is governed by 

(a) flue gases quantity 

(b) the draught to be produced 

(c) control of pollution 

17.128. In boilers, the feed water treatment is 

done mainly for removing.troubles 
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17.129. 


17.130. 


17.131. 


17.132. 


17.133. 


17.134. 


17.135. 


17.136. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


(a) corrosion (6) scale formation 

(c) carry over ( d ) embrittlement 

( e ) all of the above 

Blowing down of boiler water is the 
process 

(a) to reduce the boiler pressure 

(b) to increase the steam temperature 

(c) to control the solid concentration in 
the boiler water by removing some 
of the concentrated saline water 

(d) none of the above 
Deaerative heating is done to 

(а) heat the water 

(б) heat the air in the water 

(c) remove dissolved gases in the 
water 

Reheat factor is the ratio of 

(a) isentropic heat drop to useful heat 
drop 

(b) adiabatic heat drop to isentropic 
heat drop 

(c) cumulative actual enthalpy drop for 
the stages to total is isentropic en¬ 
thalpy heat drop 

The value of the reheat factor is of the 
order of 

(a) 0.8 to 1.0 (b) 1.0 to 1.05 

(c) 1.1 to 1.5 ( d ) above 1.5 

Compounding of steam turbine is done 
for 

(a) reducing the work done 

(b) increasing the rotor speed 

(c) reducing the rotor speed 

(d) balancing the turbine 

Topping turbines are 

(а) low pressure condensing units 

(б) high pressure non-condensing units 

(c) low pressure non-condensing units 

(d) high pressure condensing units 
In throttle governing 

(a) larger heat drop is available 

(b) lesser heat drop is available 

(c) there no effect on heat drop 

The commonly used material of con¬ 
denser tubes is 

(a) aluminium (b) cast iron 
(c) admiralty brass (d) mild steel 


17.137. 


17.138. 


17.139. 


17.140. 


17.141. 


17.142. 


17.143. 


17.144. 


17.145. 


The blades of impulse turbine are 

(а) symmetrically shaped around the 
centre line 

(б) asymmetrically shaped around the 
centre line 

(c) none of the above 

For medium and the large size turbines 

the.governing is used 

(a) throttle ( b) nozzle control 

(c) by pass 

(d) combination of (a), (6), (c) 

Function of air pump in condenser is to 

(a) remove water 

(b) maintain vacuum 

(c) maintain atmospheric pressure 
Wet air pump removes 

(a) air only (b) only condensate 

(c) both air and condensate 
In Diesel cycle 

(а) compression ratio and expansion 
ratio are equal 

(б) compression ratio is greater than 
expansion ratio 

(c) compression ratio is less than ex¬ 
pression ratio 

(d) compression ratio— (expansion ratio) 2 
Compression ratio of an I.C. engine is 


the ratio of 

, x total volume 

(a) 


swept volume 
total volume 


clearance volume 

(c) either (a) or (b) 

(d) none of the above 

In a diesel engine the heat lost to the 
cooling water is 


(a) 10% (b) 20% 

(c) 30% {d) 10% 

The mechanical efficiency of a diesel 
engine is defined as 


B.H.P 

I.H.P 


I.H.P 

B.H. 


(c) B.H.P. x I.H.P. (d) 


(B.H.P.) 2 

I.H.P. 


The temperature of cooling water leav¬ 
ing the diesel engine should not be 
more than 


(a) 30°C (b) 40°C 

(c) 60°C (d) 80°C 
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17.146. 


17.147. 


17.148. 


17.149. 


17.150. 


17.151. 


17.152. 

» 

17.153. 


17.154. 


Total cost of a diesel power plant per 
kW of installed capacity is less than 
that of steam power plant by 
(a) 5 to 10% (b) 20 to 30% 

(c) 40 to 50% (d) 70 to 80% 

The ratio of piston stroke to bore of 
cylinder for internal combustion en¬ 
gines varies between 
(a) 0.9 to 1.9 (6) 0.5 to 0.8 

(c) 0.3 to 0.6 (d) 0.1 to 0.2 

Air fuel ratio required for the combus¬ 
tion in diesel engine is about 
(a) 5:1 (b) 10 : 1 

(c) 15 : 1 

(d) none of the above 

In multicylinder engines a particular 
sequence in the firing order is neces¬ 
sary 

(а) to provide the best engine perfor¬ 
mance 

(б) to obtain uniform turning moment 

(c) to operate the ignition system 
smoothly 

(d) to obtain non-uniform turning mo¬ 
ment 

Most high speed diesel engines work on 
(a) Diesel cycle (6) Carnot cycle 

(c) Dual combustion cycle 

(d) Otto cycle 

In case of diesel engine, the pressure at 
the end of compression is in the range 
of 

(a) 7 - 8 kgf/cm 2 ( b ) 20 - 25 kgf/cm 2 

(c) 35 - 40 kgf/cm 2 (d) 50 - 60 kgf/cm 2 
Reciprocating motion of the piston is 
converted into a rotary one by 
(a) connecting rod (6) crank shaft 
(c) crank web (d) gudgeon pin 
Maximum temperature which is deve¬ 
loped in the cylinder of a diesel engine 
is of the order of 

(a) 1000—1500°C (b) 1500—2000°C 
(c) 2000—2500°C {d) 2500—3000°C 
In a four stroke cycle, engine, the four 
operations namely suction, compres¬ 
sion, expansion and exhaust are com¬ 
pleted in the number of revolutions of 
crank shaft equal to 


(a) four (6) three 

(c) two (d) one. 

17.155. In a two stroke cycle engine, the opera¬ 
tions namely suction, compression, ex¬ 
pansion and exhaust are completed in 
the number of revolutions of crank 
shaft equal to 

(a) four (b) three 

(c) two (d) one. 

17.156. In a four stroke cycle S.I. engine the 
camshaft rims 

(a) at the same speed as crank shaft 

(b) at half the speed of crank shaft 

(c) at twice the speed of crank shaft 

(d) at any speed irrespective of crank 
shaft speed 

17.157. The following is an S.I. engine 

(a) Diesel engine ( b) Petrol engine 

(c) either (a) or (6) 

(d) none of the above. 

17.158. The following is C.I. engine 

(a) Diesel engine (6) Petrol engine 

(c) Gas engine 

(d) none pf the above 

17.159. In a four stroke cycle petrol engine, 
during suction stroke 

(а) only air is sucked in 

(б) only petrol is sucked in 

(c) mixture of petrol and air is sucked 
in 

(d) none of the above 

17.160. In a four stroke cycle diesel engine, 
during suction stroke 

(a) only air is sucked in 
(6) only fuel is sucked in 

(c) mixture of fuel and air is sucked in 

(d) none of the above 

17.161. The two stroke cycle engine has 

- (a) one suction valve and one exhaust 
valve operated by one cam 

(b) one suction valve and one exhaust 
valve operated by two cams 

(c) only ports covered and uncovered 
by piston to effect charging and ex¬ 
hausting 

(d) none of the above 

17.162. For same output, same speed and same 
compression ratio the thermal efficiency 
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17.172, 


17.173. 


17.174. 


17.175. 


of a two stroke cycle petrol engine as 17.171. 

compared to that for four stroke cycle 

petrol engine is 

(a) more (6) less 

(c) same as long as compression ratio 
is same 

(d) same as long as output is same 

17.163. The ratio of brake power to indicated 
power of an I.C. engine is called 

(а) mechanical efficiency 

(б) thermal efficiency 
(c) volumetric efficiency 
{d) relative efficiency 

17.164. The specific fuel consumption of a 

diesel engine as compared to that for 
petrol engines is 
(a) lower (6) higher 

(c) same for same output 

(d) none of the above 

17.165. The thermal efficiency of petrol engine 
as compared to diesel engine is 

(a) lower (6) higher 

(c) same for same power output 

(d) same for same speed 

17.166. Compression ratio of petrol engines is 17.176. 
in the range of 

(a) 2 to 3 (b) 7 to 10 

(c) 16 to 20 

(cf) none of the above 

17.167. Compression ratio of diesel engines 

may have a range yj y^q 

(a) 8 to 10 (6) 10 to 15 

(c) 16 to 20 

(d) none of the above 

17.168. The thermal efficiency of good I.C. en¬ 

gine at the rated load is in the range of 
(a) 80 to 90% ( b ) 60 to 70% 

(c) 30 to 35% (d) 10 to 20% 

17.169. In case of S.I. engine, to have best ther¬ 
mal efficiency the fuel air mixture ratio 
should be 

(a) lean (6) rich 

(c) may be lean or r^ch 

0 d ) chemically correct 17.179. 

17.170. The fuel air ratio, for maximum power 
of S.I. engine, should be 

(a) lean (6) rich 

(c) may be lean or rich 

(d) chemically correct 


17.178. 


In case of petrol engine, at starting 

(а) rich fuel air ratio is needed 

(б) weak fuel air ratio is needed 

(c) chemically correct fuel air ratio is 
needed 

(d) any fuel air ratio will do 
Carburettor is used for 

(a) S.I. engines (6) Gas engines 

(c) C.I. engines 

(d) none of the above 
Fuel injector is used in 

(a) S.I. engines (b) Gas engines 

(c) C.I. engines 

( d) none of the above 

Very high speed engines are generally 
(a) Gas engines (6) S.I. engines 
(c) C.I. engines ( d) Steam engines 

In S.I. engine, to develop high voltage 
for spark plug 

(а) battery is installed 

(б) distributor is installed 
(c) carburettor is installed 
{d) ignition coil is installed 

In S.I. engine, to obtain required firing 
order 

(a) battery is installed 

(b) distributor is installed 

(c) carburettor is installed 

(d) ignition coil is installed. 

For petrol engine, the method of 
governing employed is 

(а) quantity governing 

(б) quality governing 

(c) hit and miss governing 

(d) none of the above 

For diesel engines, the method of 
governing employed is 

(а) quantity governing 

(б) quality governing 

(c) hit and miss governing 

(d) none of the above 

Voltage developed to strike spark in the 
spark plug is in the range 

(а) 6 to 10 volts 

(б) 1000 to 2000 volts 

(c) 20000 to 25000 volts 

(d) none of the above 
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17.180. 


17.181. 


17.182. 


17.183. 


17.184. 


17.185. 


17.186. 


17.187. 


In a 4-cylinder petrol engine the stand¬ 
ard firing order is 17.188. 

(a) 1-2-3-4 (6) 1-4-2-3 

(c) 1-3-2-4 {d) 1-3-4-2 

The torque developed by the engine is 
maximum 

(а) at minimum speed of engine 

(б) at maximum speed of engine 17.189. 

(c) at maximum volumetric efficiency 
speed of engine 

(d) at maximum power speed of engine 

Iso-octane content in a fuel for S.I. 
engines 17.190. 

(a) retards auto-ignition 

(b) accelerates auto-ignition 

(c) does not affect auto-ignition 
(cO none of the above 

Normal heptane content in fuel for S.I. 17.191. 
engines 

(а) retards auto-ignition 

(б) accelerates auto-ignition 

(c) does not affect auto-ignition 

(d) none of the above 

The knocking in S.I. engines increases 
with 

(а) increase in inlet air temperature 17.192. 

(б) increase in compression ratio 

(c) increase in cooling water tempera¬ 
ture 

(d) all of the above 

The knocking in S.I. engines gets 
reduced 

(а) by increasing the compression ratio 

(б) by retarding the spark advance 17.193. 
(c) by increasing inlet air temperature 

id) by increasing the cooling water 
temperature 

Increasing the compression ratio in S.I. 
engines 

(а) increases the tendency for knocking 17.194. 

(б) decreases tendency for knocking 

(c) does not affect knocking 

(d) none of the above 

The knocking tendency in petrol en¬ 
gines will increase when 17.195. 

(а) speed is decreased 

(б) speed is increased 

(c) fuel-air ratio is made rich 


(d) fuel-air ratio is made lean. 

The ignition quality of fuels for S.I. 
engines is determined by 

(а) cetane number rating 

(б) octane number rating 

(c) calorific value rating 

(d) volatility of the fuel 

Petrol commercially available in India 
for Indian passanger cars has octane 
number in the range 
(a) 40 to 50 (6) 60 to 70 

(c) 80 to 85 (d) 95 to 100 

Octane number of the fuel used com¬ 
mercially for diesel engine in India is in 
the range 

(a) 80 to 90 (6) 60 to 80 

(c) 60 to 70 (d) 40 to 45 

The knocking tendency in C.I. engines 
increases with 

(а) decrease of compression ratio 

(б) increase of compression ratio 

(c) increasing the temperature of inlet 
air 

(d) increasing cooling water tempera¬ 
ture 

Desirable characteristic of combustion 
chamber for S.I. engines to avoid knock 
is 

(а) small bore 

(б) short ratio of flame path to bore 

(c) absence of hot surfaces in the end 
region of gas 

(d) all of the above 

Thermal efficiency of a gas turbine 
plant as compared to Diesel engine 
plant is 

(a) higher (6) lower 

(c) same 

(d) may be higher or lower 
Mechanical efficiency of a gas turbine 
as compared to internal combustion 
reciprocating engine is 

(a) higher (6) lower 

(c) same (d) un-predictable 

For a gas turbine the pressure ratio 

may be in the range 

(a) 2 to 3 (6) 3 to 5 

(c) 16 to 18 (d) 18 to 22 
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17.198. 


17.199. 


17.200. 


17.201. 


17.202. 
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The air standard efficiency of closed gas 
turbine cycle is given by (r p = pressure 
ratio for the compressor and turbine) 

(6) r| = 1 — (rp) 1 ' -1 

= i-(£)' 

III! 

(d) r\ = (r p ) 1 - 1 

The work ratio of closed cycle gas tur¬ 
bine plant depends upon 

(а) pressure ratio of the cycle and specific 
heat ratio 

(б) temperature ratio of the cycle and 
specific heat ratio 

(c) pressure ratio, temperature ratio 
and specific heat ratio 

(d) only on pressure ratio 

Thermal efficiency of closed cycle gas 
turbine plant increases by 
(a) reheating ( b ) inter coo ling 

(c) regenerator ( d ) all of the above 

With the increase in pressure ratio 
thermal efficiency of a simple gas tur¬ 
bine plant with fixed turbine inlet 
temperature 

(a) decreases ( b ) increases 

(c) first increases and then decreases 

(d) first decreases and then increases 
The thermal efficiency of a gas turbine 
cycle with ideal regenerative heat ex¬ 
changer is 

(a) equal to work ratio 

( b ) less than work ratio 

(c) more than work ratio 

(d) un-predictable 

In a two stage gas turbine plant reheat¬ 
ing after first stage 

(а) decreases thermal efficiency 

(б) increases thermal efficiency 

(c) does not effect thermal efficiency 

(d) none of the above 

In a two stage gas turbine plant, 
reheating after first stage 
(a) increases work ratio 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(6) decreases work ratio 

(c) does not affect work ratio 

(d) none of the above 
In a two stage gas turbine plant, with 
intercooling and reheating 

(а) both work ratio and thermal effi¬ 
ciency improve 

(б) work ratio improves but thermal 
efficiency decreases 

(c) thermal efficiency improves but 
work ratio decreases 

(d) both work ratio and thermal effi¬ 
ciency decrease 

For a jet propulsion unit, ideally the 
compressor work and turbine work are 

(а) equal 

(б) unequal 

(c) not related to each other 
{d) unpredictable 

Greater the difference between jet 
velocity and aeroplane velocity 

(а) greater the propulsive efficiency 

(б) less the propulsive efficiency 

(c) unaffected is the propulsive ef¬ 
ficiency 

(d) none of the above 
For starting gas turbine, the turbine 
rotor is usually motored upto ‘coming 
in’ speed which is equal to 

(a) rated speed of the gas turbine 

(b) half of the rated speed of the gas 
turbine 

(c) no relation with speed of the turbine 
The blades of the gas turbine rotor are 
made of 

(a) carbon steel (6) stainless steel 

(c) high alloy steel 

(d) high nickel alloy (Nimic 80) 

Maximum temperature in a gas tur¬ 
bine is of the order of 
(a) 700°C (6) 900°C 

(c) 1600°C (d) 2100°C 

In gas turbines, high thermal efficiency 
is obtained in 

(a) closed cycle (6) open cycle 

(c) in both the cycles 

In a gas turbine plant, a regenerator 
increases 


17.203. 


17.204. 


17.205. 


17.206. 


17.207. 


17.208. 


17.209. 


17.210. 
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(a) work output ( b ) pressure ratio 

(c) thermal efficiency 

( d ) none of the above 

17.211* Maximum combustion pressure in a 

gas turbine is.as compared to diesel 

engine 

(a) same (5) less 

(c) more 

17.212. Capital cost of a gas turbine plant is 

.than that of a steam power plant of 

same capacity. 

(a) same (6) lower 

(c) higher 

17.213. Pelton turbines are mostly 

(a) horizontal (6) vertical 

(c) inclined 

17.214. The annual depreciation of a hydro 
power plant is about 

(a) 0.5 to 1.5% (6) 10 to 15% 

(c) 15 to 20% (a 7 ) 20 to 25% 

17.215. The power output from a hydro-electric 
power plant depends on three parameters 

(а) head, type of dam and discharge 

(б) head, discharge and efficiency of the 
system 

(c) efficiency of the system, type of 
draft tube and type of turbine used 

(d) type of dam, discharge and type of 
catchment area 

17.216. Water hammer is developed in a 

(a) penstock (6) draft tube 

(c) turbine ( d ) surge tank 

17.217. The function of a surge tank is 

(а) to supply water at constant pres¬ 
sure 

(б) to produce surges in the pipe lin#* 
(c) to relieve water hammer pressures 

in the penstock pipe 

17.218. Gross head of a hydropower station is 

(а) the difference of water level be¬ 
tween the level in the storage and 
tail race 

(б) the height of the water level in the 
river where the storage is provided 

(c) the height of the water level in the 
river where tail race is provided 
17*219. Operating charges are minimum in the 
| case of.for same power output 


17.23 

(а) gas turbine plant 

(б) hydel plant 
(c) thermal plant 
(< d ) nuclear plant 

17.220. Location of the surge tank in a hydro 
electric station is near to the 

(a) tailrace (6) turbine 

(c) reservoir 

17.221. Pelton wheel turbine is used for mini¬ 
mum of the following heads 

(a) 40 m (6) 120 m 

(c) 180 m or above 

17.222. Running cost of a hydro-electric power 
plant is 

(а) equal to running cost of a steam 
power plant 

(б) less than running cost of a steam 
power plant 

(c) more than running cost of a steam 
power plant 

17.223. The empirical relation for determination 
of number of buckets (Z) for Pelton tur¬ 
bine in terms of jet ratio (m) is given by 

(a) Z = 15 m + 0.5 (6) Z = 0.5 m + 15 

(c)Z = ^ + 15 

17.224. Francis turbine is usually used for 
(a) higji heads (6) medium heads 
(c) low heads 

17.225. In high head hydro power plant the 

velocity of water in penstock is about 
(a) 1 m/s (6) 4 m/s 

(c) 7 m/s (d) 12 m/s 

17.226. Pelton turbine is suitable for high head 
and 

(а) high discharge ( b) low discharge 
(c) both low and high discharge 

17.227. In reaction turbine, function of the 
draft tube is 

(q) to increase the flow rate 

(б) to reduce water hammer effect 

(c) to convert kinetic energy of water to 
potential energy by a gradual ex¬ 
pansion in divergent part 

17.228. Francis turbine is usually used for 

(а) low head installation upto 30 m 

(б) medium head installation from 30 
to 180 m 
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17.229. 


17.230. 


17.231. 


17.232. 


17.233. 


17.234. 


17.235. 


17.236. 
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(c) high head installation above 180 m 

(d) for all heads 

In Francis turbine runner, the number 
of blades is generally of the order of 
(a) 1—2 (6)4-6 

(c) 6 - 8 id) 12 - 16 

Francis, Kaplan and propeller turbines 
fall under the category of 

(а) impulse turbine 

(б) reaction turbine 

(c) impulse reaction combined 

(d) axial flow 

The specific speed (NJ of the turbine is 
given by 


(a) N s = 


(c)Ns 


NVF 
H 5/4 
NVF 
H s/2 


(6) N s = 


(d)N s = 


NVF 

H s/4 

NVF 

H 2/3 


The expression for power output (P) in 
kW, of a hydro electric station is 


QwHjt io 
w 0.736 x 75 
75 QwH rjo 
lc) 0.736 


( 6 ) 

(d) 


0.736 QvH 

75 x r|o 

0.736 QwH r \o 
75 


The average thermal efficiency of a 
modern nuclear power plant is about 
(a) 30% (6) 40% 

(c) 60% (d) 80% 

Reflectors of a nuclear reactor are made 
up of 

(a) boron (6) cost iron 

(c) beryllium (d) steel 

The function of a moderator in a nuclear 
reactor is 

(а) to slow down the fast moving elect¬ 
rons 

(б) to speed up the slow moving elect¬ 
rons 

(c) to start the chain reaction 

(d) to transfer heat produced inside the 
reactor to a heat exchanger 

When a nuclear reactor is operating at 
constant power the multiplication fac¬ 
tor is 

(а) less than unity 

(б) greater than unity 


(c) equal to unity 

(d) none of the above 

17.237. The conversion ratio of a breeder reac¬ 
tor is 

(a) equal to unity 

( b ) more than unity 

(c) less than unity 

(d) none of the above 

17.238. In the nuclear fission reactions . 

isotope of uranium is used 

(a) U 233 (6) U 234 

(c) U 238 

17.239. Tarapur nuclear power plant has 

(а) pressurised water reactors 

(б) boiling water reactors 
(c) CANDU type reactors 

17.240. Critical mass of fuel is the amount re¬ 

quired to make the multiplication fac¬ 
tor .unity 

(a) equal to (6) less than 

(c) more than 

17.241. The nuclear energy is measured as 

(a) MeV (6) MW 

(c) Curie 

17.242. Fission chain reaction is possible when 

(а) fission produces the same number 
of neutrons which are absorbed 

(б) fission produces more neutrons 
than are absorbed 

(c) fission produces less neutrons than 
are absorbed 

(d) none of the above 

17.243. In nuclear chain fission reaction, each 
neutron which causes fission produces 

(а) no new neutron 

(б) one new neutron 

(c) more than one new neutron 

17.244. is the most commonly used 

moderator 

(a) Graphite (6) Sodium 

(c) Deuterium (d) Heavy water 

17.245. Which of the following are fertile, 
materials 

(a) U 238 and Th 239 (6) U 238 and Th 232 

(c) U 233 and Pu 239 (d) U 238 and Pu 239 

17.246. In a nuclear reactor the function of a 
reflector is to 
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(а) reduce the speed of the neutrons 

(б) stop the chain reaction 

(c) reflect the escaping neutrons back 
into the core 

17.247. In gas cooled reactor (GCR).is used 

as moderator and coolant respectively 

(а) heavy water and CO 2 

(б) graphite and air 

(c) graphite and CO 2 

(d) none of the above 

17.248. In a pressurised water reactor (PWR) 
(a) the coolant water is pressurised to 

work as moderator 

(61 the coolant water boils in the core of 
the reactor 

(c) the coolant water is pressurised to 
prevent boiling of water in the core 

(d) no moderator is used 

17.249. The function of the moderator in a 
nuclear reactor is to 

(а) stop chain reaction 

(б) absorb neutrons 

(c) reduce the speed of neutrons 

(d) reduce temperature 

17.250. Thermal shielding is provided to 

(a) protect the walls of the reactor from 
radiation damage 

( b ) absorb the fast neutrons 

(c) protect the operating personnel from 
exposure to radiation 

(d) (a), (6) and (c) above 

(e) (6) and (c) both 
if) none of the above 

17.251. A CANDU reactor uses 

(а) only fertile material 

(б) highly enriched uranium (85% 

U 235 ) 

(c) natural uranium as fuel and heavy 
water as moderator and coolant 

17.252. Fission'of U 235 releases .. .... energy 
(a) 200 MeV (6) 238 MeV 

(c) 431 MeV 

17.253. Fast breed reactors are best suited for 
India because 

(а) of large thorium deposits 

(б) of large uranium deposits 
(c) of large plutonium deposits 


17.25 

17.254. A load curve indicates 

(а) average power used during the 
period 

(б) average kWh (kW) energy con¬ 
sumption during the period 

(c) neither (a) nor (6) 

17.255. Approximate estimation of power 
demand can be made by 

(а) load survey method 

(б) statistical methods 
(c) mathematical method 
(i d ) economic parameters 

(e) all of the above. 

17.256. Annual depreciation as per straight 
line method, is calculated by 

(а) the capital cost divided by number 
of years of life 

(б) the capital cost minus the salvage 
value, is divided by the number of 
years of life 

(c) investing a uniform sum of money 
per annum at stipulated rate of 
interest f 

17.257. A consumer has to pay lesser fixed 
charges in 

(а) flat rate tariff 

(б) two part tariff 

(c) maximum demand tariff 

17.258. In two part tariff, variation in load fac¬ 
tor will affect 

(а) fixed charges 

(б) operation or running charges 

(e) both (a) and (6) 

17.259. In India the tariff for charging the con¬ 
sumers for the consumption of electri¬ 
city is based on 

(а) straight meter rate 

(б) block meter rate 

(e) reverse form of block meter rate 

(d) two part tariff 

17.260. In Hopkinson demand rate or two part 
tariff the demand rate or fixed charges 
are 

(а) dependent upon the energy con¬ 
sumed 

(б) dependent upon the maximum 
demand of the consumer 

(c) both (a) and (6) 

(d) none of the above 
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17.261. 

17.262. 

17.263. 


17.264. 

17.265. 


17.266. 

17.267. 

17.268. 

17.269. 
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The function of a solar collector is to 
convert 

(a) solar energy into electricity 

( b ) solar energy into radiation 

(c) solar energy into thermal energy 
Most of the solar radiation received on 
earth surface lies within the range of 

(а) 0.2 to 0.4 microns 

(б) 0.38 to 0.78 microns 
(c) 0 to 0.38 microns 
Insulation is referred to as 

(a) direct radiation received at any 
time 

( b ) diffuse radiation received at any 
time 

(c) both (a) and (6) 

(d) none of the above 
Flat plate collector absorbs 

(а) direct radiation only 

(б) diffuse radiation only 
(c) direct and diffuse both 

Main applications of solar energy may 
be considered in the following cate¬ 
gories 

(a) solar electric applications 

( b ) fuel from bio-mass 

(c) direct-thermal applications 

(d) both (a) and (6) 

(e) (a), (b) and (c) 

Temperature attained by a flat-plate 
collector is of the 

(a) order of about 90° C 

(b) range of 100°C to 150°C 

(c) above 150°C 

(d) none of the above 

A pyranometer is used for measure¬ 
ment of 

(a) direct radiation only 

(b) diffuse radiation only 

(e) direct as well as diffuse radiation 
Sun tracking is needed in the case of 

(a) flat plate collector 

(b) cylindrical parabolic and para¬ 
boloid 

(c) both (a) and (f>) 

In a solar collector the function of the 

transparent cover is to 

(a) transmit solar radiation only 


( b ) protect the collector from dust 

(c) decrease the heat loss from collector 
beneath to atmosphere 

17.270. Temperature attained by cylindrical 

parabolic collector is of the range of 

(a) 50 to 100°C ( b ) 100 to 150°C 

(c) 150 to 300°C (d) 300 to 500°C 

17.271. Most widely used material of a solar 
cell is 

(a) arsenic ( b ) cadmium 

(c) silicon (d) steel 

17.272. Photovoltaic cell or solar cell converts 

(а) thermal energy into electricity 

(б) electromagnetic radiation directly 
into electricity 

(c) solar radiation into thermal energy 

17.273. Maximum wind energy available is 
proportional to 

(а) square of the diameter of rotor 

(б) air density 

(c) cube of the wind velocity 

(d) (a), (6) and (c) 

17.274.type of wind mill is of simple design 

(а) Horizontal axis wind mill 

(б) Vertical axis wind mill 
(c) None 

12.275. Cost of wind energy generator com¬ 
pared to conventional power plants for 
the same power output is 

(a) equal (b) lower 

(c) higher 

17.276. The turbine which is normally used in 
a tidal power plant is 

(а) simple impulse type 

(б) reversible type 
(c) propeller type 

17.277. Largest geothermal plant in operation 
is in 

(a) Maxico (b) Italy 

(c) Russia {d) California 

17.278. Geothermal plant is suitable for 

(a) base load power 

( b ) peak load power 

(c) none 

17.279. A geothermal field may yield 

(a) hot water (6) wet steam 

(c) dry steam (d) (a), (6) and (c) 
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17.280. Geothermal power plants as compared 

to fossil fuel plant have.load factor. 

(a) equal (6) lower 

(c) higher 

17.281. Geothermal steam and hot water may 
contain 

(a) NUs (6) Na 2 S 

(c) H 2 S, NH 3 and radon gas 

17.282. Fuel cells have conversion efficiencies 
of the order of 

(a) 20% (b) 30% 

(c) 50% (d) 70% 

17.283. Fuel cell is a device in which 

(а) chemical energy is converted into 
electricity 

(б) heat energy is first converted into 
chemical energy 

(c) heat energy is converted into 
electricity 

17.284. The nature of the current developed by 
MHD generator is 

(а) direct current 

(б) alternating current 

(c) either direct or alternating 

17.285. In MHD generator the conductor 
employed is 

(a) gas (6) liquid metal 

(c) liquid metal or gas 
C d ) none of the above 

17.286. Seeding material which is added with 
the working fluid in MHD generator is 
used for 

(а) decreasing the conductivity of the 
gas 

(б) increasing the conductivity of the 
gas 

(c) creating no effect on conductivity 

17.287. Power output per unit volume of an 
MHD generator is proportional to 

(а) square of the magnetic flux density 

(б) electrical conductivity of the gas 

(c) square of the fluid velocity 

(d) all of the above 

17.288. Bio-gas consists of 

(а) only methane 

(б) methane and C0 2 with some im¬ 
purities 

(c) a special organic gas 

(d) none of the above 


17.289. The main by product of the bio-gas 
plant is 

(a) bio-gas (6) bio-mass 

(c) organic manure 

17.290. Thermoelectric energy conversion is 
due to 

(a) radiation ( b ) emission effect 
(c) thermal energy 

17.291. The working principle of thermoelectric 

generator is based on the principle of 
(a) Hall (6) Seebeck 

(c) Faraday 

(d) None of the above 

17.292. Materials which are employed for 
electrodes in thermoelectric generators 
are of 

(a) insulators (6) semi-conductors 

(c) metals {d) conductors 

17.293. Thermionic converter utilizes 

(а) Thermionic emission effect 

(б) Peltier effect (c) Seebeck effect 

17.294. In which of the following power plants 
the availability of power is least 
reliable ? 

(а) Tidal power plant 

(б) Wind energy (c) Solar power plant 

(d) Geothermal power plant 

17.295. Bulb turbines are.turbines 

(a) low head (6) high head 

(c) high speed (d) high pressure 

17.296. The voltage of a single solar cell is 

(a) 0.2 V (b) 0.5 V 

(c) 1.0 V (d) 2.0 V 

17.297. The output of a solar cell is of the order 
of 

(a) 1 W (b) 5 W 

(c) 10 W (d) 20 W 

17.298. Solar cells, for power generatation, entail 
the following major disadvantage 

(а) variable power 

(б) high cost 

(c) lack of availability 

(d) large area requirement 

17.299. Reflecting mirrors used for exploiting 
solar energy are called 

(a) mantle (6) ponds 

(c) diffusers {d) heliostats 
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17.300. For satellites the source of energy is 

(а) cryogenic storage 

(б) battery 

B. Fill in the Blanks/Say *Yes* or ‘No’ : 

17.301. 1 kg of uranium is equivalent to energy 

obtained by 4500 tonnes of high grade 
coal. (Yes/No) 

17.302. Presence of sulphur in the fuel is con¬ 
sidered to be desirable. (Yes/No) 

17.303. Hydrogen is the main constituent of 

coal, (Yes/No) 

17.304. ... ...is the first stage in the formation 
of coal from wood. 

17.305. Bituminous coal has low percentage of 

volatile matter. (Yes/No) 

17.306. Anthracite is very.coal. 

17.307. Wood charcoal is obtained by destruc¬ 
tive distillation of wood. (Yes/No) 

17.308. Liquid fuels require large space for 

storage. (Yes/No) 

17.309. The main constituents of natural gas 
are methane and ethane. (Yes/No) 

17.310. Water gas is produced by blowing. 

into white hot coke or coal. 

17.311. Capital cost of hydro-plants is less than 

diesel power station. (Yes/No) 

17.312. A normal working life of 10 years is 
estimated for windmills. (Yes/No) 

17.313. The amount of excess air supplied varies 

with the type of fuel and the firing 
conditions. (Yes/N'o) 

17.314. Total weight of carbon in one kg of flue 

gas is = (| C0 2 + ~ CO). (Yes/No) 

17.315. Electrical energy cannot be easily trans¬ 
ported from one place to another. 

(Yes/No) 

17.316. Power is primarily associated with 
mechanical work and electrical energy. 

(Yes/No) 

17.317. A chemical fuel does not release heat 

energy on combustion. (Yes/No) 

17.318. Liquid fuels are less advantageous in 
comparison to solid fuels. (Yes/No) 

17.319. The operating cost of an hydro-electric 

plant is very high. (Yes/No) 
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(c) solar cell 

(d) any of the above 

(e) none of the above 


17.320. 

17.321. 

17.322. 

17.323. 

17.324. 

17.325. 

17.326. 

17.327. 

17.328. 

17.329. 

17.330. 

17.331. 

17.332. 

17.333. 

17.334. 

17.335. 


When . burns in the presence of 

oxygen the combustion products are 
carbondioxide and water vapours. 

Ti - T 2 

Carnot cycle efficiency = —^-. 

/2 

(Yes/No) 

Carnot cycle gives the.thermal effi¬ 

ciency. 

Industrial power plants or captive 
power plants are normally non- con¬ 
densing. (Yes/No) 

The cooling water supply to the con¬ 
denser helps in maintaining a low pres¬ 
sure in it. (Yes/No) 

The power plant capacity can be deter¬ 
mined by studying the load duration 
curve and anticipated future demands, 

(Yes/No) 

A generator must operate economically 
at full load. (Yes/No) 

The consumption of steam per kWh. 

with the increased pressure. 


A belt conveyer is very suitable means 
of transporting small quantities of coal 
over small distances. (Yes/No) 

.conveyor is not suitable for greater 

heights and short distances. (Yes/No) 


Flight conveyor requires little opera¬ 
tional care, (Yes/No) * 

A.is a power operated fuel feeding , 

mechanism and grate. ijjgj 

In stoker firing cheap grade of fuel can-,| 
not be used. (Yes/No) | 

In case of overfeed stokers, the coal Ujg 
fed into the grate above the point of af|| 
admission. (Yes/Np 

Spreader stokers can burn any type| 
coal. (Yes/t 

The.principle is suitable for bu 

ingthe semi-bituminous andbitumintt 
coals. 
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17.336. The amount of air which is used to carry 
the coal and to dry it before entering 
into the combustion chamber is 
known as secondary air. (Yes/No) 

17.337. Coal is pulverised in order to increase 

its surface exposure, thus promoting 
rapid combustion without using large 
quantities of excess air. (Yes/No) 

17.338. In burners, too much secondary air can 
cool the mixture and prevent its heat¬ 
ing to ignition temperature. (Yes/No) 

17.339. A turbulent burner is also called a long 

flame burner. (Yes/No) 

17.340. A wick burner is suitable for models or 

domestic appliances. (Yes/No) 

17.341. A.may be defined as the bed of solid 

particles behaving as “a fluid. 

17.342. The Collection efficiency* of a dust col¬ 

lector is the amount of dust removed 
per unit weight of dust. (Yes/No) 

17.343. The small pressure difference which 

causes a flow of gas to take place is 
termed as. 

17.344. Forced draught is a negative pressure 

drop. (Yes/No) 

17.345. Steam jet draught is a simple and easy 
method of producing artificial draught. 

(Yes/No) 

17.346. The boilers which produce steam at 

pressures of 20 bar and above called 
high pressure boilers. (Yes/No) 

17.347. The removal of the mud and other im¬ 
purities of water from the lowest part 
of the boiler is termed as Wowing off. 

(Yes/No) 

17.348. Shell diameter of the Cochran boiler is 

about 5 m. (Yes/No) 

17.349. Stirling water tube boiler is an example 

of.tube boiler. 

17.350. LaMont boiler Works on a forced cir¬ 

culation and the circulation is main¬ 
tained by a centrifugal pump, driven by 
a steam turbine using steam from the 
boiler. (Yes/No) 

17.351. Velox boiler makes use of pressurised 

combustion. (Yes/No) 


17.352. 

17.353. 

17.354. 

17.355. 

17.356. 

17.357. 

17.358. 

17.359. 

17.360. 

17.361. 


17.362. 

17.363. 

17.364. 

17.365. 


The feed pump is used to heat the feed 
water. (Yes/No) 

The function of an injector is to feed 
water into the boiler. (Yes/No) 

An.is a device in which the waste 

heat of the flue gases is utilised for 
heating the feed water. 

The function of the air pre-heater is to 
decrease the temperature of air before 
it enters the furnace. (Yes/No) 

The function of a super heater is to. 

the temperature of the steam. 

The function of a steam separator is to 
remove the entrained water particles 
from the steam conveyed to the steam 
engine or turbine. (Yes/No) 

Feed water heating with steam at a 
lower pressure than boiler pressure 
usually decreases overall plant effi¬ 
ciency. (Yes/No) 

Jet type open heaters do not work well 
at low pressures, specially at sub-atmos¬ 
pheric pressure. (Yes/No) 

For good performance feed water heaters 
must be drained and vented. (Yes/No) 
Factor of evaporation is defined as the 
ratio of heat received by 1 kg of water 
under working conditions to that 
received by 1 kg of water evaporated 
from and at 0°C. (Yes/No) 

If the boiler, economiser and super¬ 
heater are considered as a single unit, 
then the boiler efficiency is termed as 
.efficiency of the boiler plant. 

Heat recovery equipment does not in¬ 
clude economiser and superheater. 

A steam nozzle may be defined as a 
passage of varying cross-section, through 
which heat energy of steam is converted 
to pressure energy. (Yes/No) 

In a convergent-divergent nozzle, be¬ 
cause of the higher expansion ratio, 
addition of divergent portion produces 
steam at higher velocities as compared 
to convergent nozzle. (Yes/No) 
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17.366. The steam turbine is a primemover in 
which kinetic energy of steam is trans¬ 
formed into potential energy. (Yes/No) 

17.367. In an impulse turbine there is a 

gradual pressure drop and takes 
place continuously over the fixed and 
moving blades. - (Yes/No) 

17.368. Velocity compounding method is used 
in Ratean and Zoelly turbines. 

(Yes/No) 

17.369. In general, optimum blade speed ratio 
(p) for maximum blade efficiency or 
maximum work done is given by 

cos a 
P ~ 2 n 

where a - nozzle angle 
n = number of moving/rotating blade 
rows in series. (Yes/No) 

17.370. Velocity-compounded impulse turbine 

has . steam consumption and . 

efficiency. 

17.371. The degree of reaction of reaction tur¬ 

bine stage is defined as the ratio of heat 
drop over fixed blades to the total heat 
drop in the stage. (Yes/No) 

17.372. It is the overall or net efficiency that is 
meant when the efficiency of a turbine 
is spoken of without qualification. 

(Yes/No) 

17.373. The efficiency of a steam turbine is 
considerably reduced if throttle govern¬ 
ing is carried out at low loads. (Yes/No) 

17.374. Nozzle control can only be applied to 

reaction turbines. (Yes/No) 

17.375. A steam condenser is a device or an 

appliance in which steam condenses 
and heat released by steam is absorbed 
by water. (Yes/No) 

17.376. In jet condensers the exhaust steam 

and water do not come in direct contact 
with each other. (Yes/No) 

17.377. In counter-flow type jet condenser the 
steam and cooling water enter the con¬ 
denser from ...... directions. 

17.378. Low level counter flow jet condenser is 
also called barometric condenser. 

(Yes/No) 


17,379. 


17.380. 

17.381. 

17.382. 

17.383. 

17.384. 


17.385. 


17.386. 

17.387. 

17.388. 

17.389. 

17.390. 

17.391. 

17.392. 

17.393. 


In an ejector condenser the exhaust 
steam and cooling water mix in hollow ! 

truncated. ! 

A jet condenser entails high manufac¬ 
turing cost. (Yes/No) 

The vacuum efficiency is defined as the 
ratio of maximum obtainable vacuum 
to actual vacuum. (Yes/No) 

An air pump which removes the moist 
air alone is called a dry.pump. 

In a cooling pond some spray or cooling 
devices are employed. (Yes/No) 

In a cooling tower water is made to 
trickle down drop by drop so that it 
comes in contact with the air moving in 
the.direction. f* 

In.draught cooling towers the fans 

are placed at the top of the tower and 
they draw the air in through louvers 
extending all around the tower at its 
base. 

The formation of scale reduces heat 
transfer and simultaneously raises the 
temperature of the metal wall. 

(Yes/No) 

Sodium carbonate is essentially res¬ 
ponsible for the scale formation. 

(Yes/No) 

The carbondioxide is next to oxygen 
which is responsible for corrosion. 

(Yes/No) 

Water solids carried over in the steam 
leaving a boiler drum are called “carry 
over”. (Yes/No) 

Deposits on turbine blade increase the 
efficiency. (Yes/No) 

‘Foaming* is the weakening of boiler 
steel as a result of inner crystalline 
cracks. (Yes/No) 

Coagulation is the process in which 
water is allowed to stand at stand-still 
in big tanks so that solid matter settles 
down. (Yes/No) 

The process of removing dissolved 
oxygen is known as. 
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17.394. 

Zeolites almost completely remove 
hardness but do not reduce alkalinity 
or total solids. (Yes/No) 

17.411. 

17.395. 

Demineralisation is often the most 
costly method of producing make up 
water for high pressure boilers. 

17.412. 


(Yes/No) 


17.396. 

.value of water is the logarithm of 

17.413. 


the reciprocal of hydrogen ion con¬ 
centration. 


17.397. 

The steam pipes for high temperature 
applications are manufactured from 
mild steels. (Yes/No) 

17.414. 

17.398. 

Chromium improves corrosion and oxi¬ 
dation resistance. (Yes/No) 

17.415. 

17.399. 

The standby losses in diesel power 
plants are less. (Yes/No) 

17.416. 

17.400. 

A diesel power plant can respond to 
varying load without any difficulty. 



(Yes/No) 

17.417. 

17.401. 

The cost of building and civil engineer¬ 
ing works in case of diesel power plant 
is high. (Yes/No) 

17.418. 

17.402. 

Any type of engine or machine which 
derives heat energy from the combus¬ 
tion of fuel or any other source and 
converts this energy into mechanical 
work is termed as a.engine. 

17.419. 

17.403. 

In an I.C. engine the combustion of fuel 
takes place outside the engine cylinder. 

17.420. 


(Yes/No) 


17.404. 

The inside diameter of the cylinder is 
called. 

17.421. 

17.405. 

The top most position of the piston 
towards cover end side of the cylinder 

17.422. 


is called bottom dead centre. (Yes/No) 

17.423. 

17.406. 

The.ratio is the ratio of total cylinder 

volume to clearance volume. 

17.424. 

17.407. 

The average speed of the piston is 
called the piston speed. (Yes/No) 


17.408. 

Spark plug is used in a diesel engine. 



(Yes/No) 

17.425. 

17.409. 

Petrol engine is used in cars and motor¬ 
cycles. (Yes/No) 


17.410. 

In a petrol engine the power is produced 
by compression ignition. (Yes/No) 

17.426. 


Engines driving electrical generators 
have lower speeds and simple combus¬ 
tion chambers. (Yes/No) 

In an I.C. engine the temperature of the 
gases inside the engine cylinder may 
vary from 35°C or less to as high as 
2 750°C during the cycle. (Yes/No) 

The major shortcoming of thermo¬ 
syphon cooling is that cooling depends 
only on the temperature and is inde¬ 
pendent of the engine speed. (Yes/No) 
Lubrication is the admittance of oil bet¬ 
ween two surfaces having no relative 
motion. (Yes/No) 

Splash system is used on some small 
4-stroke stationary engines. (Yes/No) 
Semi-pressure system of lubrication is 
a combination of splash and pressure 
systems. (Yes/No) 

Dry sump lubrication is generally 
adopted for high capacity engines. 

(Yes/No) 

Mist lubrication system is used for 4- 
stroke cycle engines. (Yes/No) 

The compressed air system is common¬ 
ly used for starting large diesel engines 
employed for stationary power plant 
service. (Yes/No) 

In general, lower the cetane number 
higher are the hydrocarbon emissions 
and noise level. (Yes/No) 

Higher the cetane rating of the fuel the 
higher is the propensity for diesel 
knock. (Yes/No) 

Gas turbines are self starting. (Yes/No) 
In almost all the fields open cycle gas 
turbine plants are used. (Yes/No) 

A heat exchanger is usually used in 
large gas turbine units for t marine 
propulsion or industrial power. 

(Yes/No) 

The specific heat of helium at constant 
pressure is about two times that of air. 

(Yes/No) 

The main demerit associated ^vith con¬ 
stant volume combustion turbine is 
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i 

that the pressure difference and velo¬ 
cities of hot gases are not constant, so 
the turbine speed fluctuates. (Yes/No) 

.gas is the ideal fuel for gas turbines, 

but this is not available everywhere. 
Blast furnace and producer gas cannot 
be used for gas turbine power plant. 

(Yes/No) 

Liquid fuels of petroleum origin such as 
distillate oils or residual oils are most 
commonly used for gas turbine plant. 

(Yes/No) 

Minerals like sodium, vanadium and 
calcium prove very harmful for turbine 
blading. (Yes/No) 

There exists an optimum pressure ratio 
producing maximum thermal efficiency 
for a given turbine inlet temperature. 

(Yes/No) 

In a centrifugal compressor the capacity 
varies inversely as the speed ratio. 

(Yes/No) 

The centrifugal compressor is superior 
to the axial flow machine in that a high 
pressure ratio can be obtained in a short 
rugged single stage machine, though at 
the cost of lower efficiency and in¬ 
creased frontal area. (Yes/No) 

The primary function of the . is to 

provide for the chemical reaction of the 
fuel and air being supplied by the com¬ 
pressor. 

Free-piston engine plants are the con¬ 
ventional gas turbine plants with the 
difference that the air compressor and 
combustion chamber/ are replaced by a 
free piston engine. (Yes/No) 

In an interconnected system the peak 
load is supplied by hydropower when 
the maximum flow demand is less than 
the stream flow while steam plant sup¬ 
plies the base load. (Yes/No) 

The power plant should be set up. 

the load centre. 

The whole area behind the dam drain¬ 
ing into a stream or river across which 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

the dam has been built at a suitable 
place is called ‘catchment area’. 

(Yes/No) 

17.439. Water held in upstream reservoir is 

called pondage. (Yes/No) 

17.440. The water behind the dam at the plant 

is called storage. (Yes/No) 

17.441. A weir is a low overflow dam across a 
stream for measuring flow or maintain 
water level, as at a lake outlet. 

(Yes/No) 

17.442. A dike is an embankment to confine 

water. (Yes/No) 

17.443. A levee is a dike near the bank of a river 
to protect low land against overflow. 

(Yes/No) 

17.444. A buttress dam has a vertical upstream 

face. (Yes/No) 

17.445. An emergency spillway comes into ac¬ 
tion when the occuring flood discharge 
exceeds the designed flood discharge. 

(Yes/No) 

17.446. A siphon spill way is designed on the 

principle of a. 

17.447. A headrace is a channel which conducts 

water from the wheels. (Yes/No) 

17.448. A canal is an open waterway evacuated 

in natural ground. (Yes/No) 

17.449. A flume is a closed channel erected on 

the surface or supported above ground 
on a trestle. (Yes/No) 

17.450. A tunnel is an open channel excavated 
through a natural obstruction. 

(Yes/No) 

17.451. A pipeline is a closed.usually sup¬ 

ported on or above the surface of the 
land. 

17.452. A.is a closed conduit for supplying 

water under pressure to turbine. 

17.453. Open channels are generally very ex¬ 
pensive. (Yes/No) 

17.454. Tunnels are generally the most costly 
type of conduit for a given length. 

(Yes/No) 

17.455. Penstocks are used where the slope is 

too great for a cannal. (Yes/No) 

17.456. Reinforced concrete penstocks are sui¬ 
table upto 5 m head. (Yes/No) 


17.427. 

17.428. 

17.429. 

17.430. 

17.431. 

17.432. 

17.433. 

17.434. 

17.435. 

17.436. 

17.437. 

17.438. 
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17.457. 

17.458. 

17.459. 

17.460. 

17.461. 

17.462. 

17.463. 

17.464. 


17.465. 

17.466. 


17.467. 


17.468. 

17.469. 

17.470. 


Steel penstocks can be designed for any 
head, with the thickness varying with 
Lhe prjssure and diameter. 

Exposed penstocks last longer and are 
more accessible for inspection and 
maintenance. (Yes/No) 

Overflow surge tank is very satisfac¬ 
tory and economical. (Yes/No) 

Inclined surge tank is more costlier 
than ordinary type. (Yes/No) 

Restricted orifice surge tank is also 

called.surge tank. 

In a reaction turbine the pressure ener¬ 
gy of water is converted into kinetic 
energy. (Yes/No) 

The plants which cater for the base load 
of the system are called base load 
plants. (Yes/No) 

Microhydel plants make use of stan¬ 
dardised bulb sets with unit output 
ranging from 100 to 1000 kW working 
under heads between 1.5 to 10 metres. 

(Yes/No) 

A hydraulic turbine converts the poten¬ 
tial energy of water into mechanical 
energy. (Yes/No) 

The specific speed of a turbine is 
defined as the speed of a geometrically 
similar turbine that would develop one 
brake horsepower under a head of 2 
metres. (Yes/No) 


Specific speed, N s = 


NVTt 

H 3/4 


where 

N = the normal working speed (r.p.m.) 
Pt = power output of the turbine 
H = the net or effective head (m). 
Turbines with low specific speeds work 

under a . head and ...... discharge 

condition. 

The Pelton wheel is a tangential flow 
impulse turbine. (Yes/No) 

The hydraulic efficiency of a Pelton 
wheel is maximum when the velocity of 

the wheel is — th the velocity of the jet 


of water at inlet. (Yes/No) 


17.471. 

17.472. 

17.473. 

17.474. 

17.475. 

17.476. 

17.477. 

17.478. 

17.479. 

17.480. 

17.481. 

17.482. 

17.483. 

17.484. 

17.485. 


17.486. 


In a Pelton wheel the angle 6f deflection 
of the jet through the buckets is taken 
as 120° if no angle of deflection is given. 

(Yes/No) 

In reaction turbines the runner utilizes 
both potential and kinetic energies. 

(Yes/No) 

In.turbine the ratio of width of the 

wheel to its diameter varies from 0.10 
to 0.4. 

In Francis turbine the flow ratio varies 
from 0.4 to 0.6. (Yes/No) 

In the propeller turbine the blades are 
adjustable. (Yes/No) 

The runner of too low specific speed 
with low available head increases the 

cost of generator due to the.turbine 

speed. 

An increase in specific speed of turbine 
is accompanied by lower maximum effi¬ 
ciency and greater depth of excavation 
of the draft tube. (Yes/No) 

The ratio of the volume of the water 
actually striking the runner to the 
volume of water supplied to the turbine 

is called.efficiency. 

The cavitation effect cannot be reduced 
by polishing the surfaces. (Yes/No) 

.regulation is satisfactory when a 

relatively large penstock feeds a small 
turbine and the fluctuation of load is 
small. 

Hydrology is a science which deals with 
the depletion and replenishment of 
water resources. (Yes/No) 

. includes all the water that falls 

from atmosphere to earth surface. 
Transfer of water from liquid to vapour 
state is called transpiration. (Yes/No) 
Run-off can also be named as discharge 
or stream flow. (Yes/No) 

Hydro graph indicates the power avail¬ 
able from the stream at different times 
of day, week or year. 

The basic concept of unit hydrograph is 
that the hydrographs of run-off from 
two identical storms would not be same. 

(Yes/No) 
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17.487. 

17.488. 

17.489. 

17.490. 

17.491. 

17.492. 

17.493. 

17.494. 

17.495. 

17.496. 

17.497. 

17.498. 

17.499. 

17.500. 

17.501. 

17.502. 


.Flow duration curve is plotted between 
flow available during a period versus 
the fraction of time. (Yes/No) 

Flow duration curve cannot be used for 
preliminary studies. (Yes/No) 

The ‘firm power’ is also known as the 
‘primary power’. (Yes/No) 

A ‘mass curve’ is the graph of the 
cumulative values of water quantity 
(run off) against time. (Yes/No) 

The mass curve will always have a 
negative value. (Yes/No) 

Those pairs of atoms which have the 
same atomic number and hence similar 
chemical properties but different 

atomic mass number are called. 

Those atoms whose nuclei have the 
same number of neutrons are called 


The phenomenon of spontaneous emis- 
sion of powerful radiations exhibited by 
light elements is called radioactivity. 

(Yes/No) 

Radioactive radiations are less pene¬ 
trating. , (Yes/No) 

Prompt-fission gamma rays are produced 
as a result of die fissioning of a U 235 (or 
other fissile material) nucleus. 

(Yes/No) 

Capture gamma rays are emitted by 
nucleus of an atom instantaneously 
upon the capture of a neutron. 

(Yes/No) 

The amount of mass defect is inversely 
proportional to the amount of energy 
released. (Yes/No) 

The intensity of emitted radiation is 
termed. 

Half life represents the rate of decay of 
the radioactive isotopes. (Yes/No) 

The mean life is twice half life. 

(Yes/No) 

During a nuclear reaction, the change 
iii mass of the particle represents the 
release or an absorption of energy. 

(Yes/No) 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


17.503. When a fast moving neutron hits the 

U 238 nucleus, the nucleus is excited and 
there is an emission of gamma quan¬ 
tum. (Yes/No) 

17.504. When the nucleus is excited too much, 
it splits into four mostly equal masses. 

(Yes/No) 

17.505. Cross-sections are measures of the 

probability that a given reaction will 
take place between a nucleus or nuclei 
and incident radiation. (Yes/No) 

17.506.is accompanied by the emission of 

neutrons and gamma rays. 

17.507. The release of about 1.2 neutrons/ fis¬ 

sion makes it possible to produce sus¬ 
tained fissioning. (Yes/No) 

17.508. Chain reaction is that process in which 
the number of neutrons keeps on multi¬ 
plying rapidly (in geometrical progres¬ 
sion) during fission till whole of the 
fissionable material is disintegrated. 

(Yes/No) 

17.509. If K (multiplication factor) > 1, chain 
reaction cannot be maintained. 

(Yes/No) 

17.510. The minimum quantity of fuel required 

for any specific reactor system is called 
the ‘critical mass’. (Yes/No) 

17.511. ‘Nuclear fusion’ is the process of com¬ 
bining or fusing two lighter nuclei into 
a stable and heavier nuclide. (Yes/No) 

17.512. In heterogeneous reactor the fuel and 

moderator are mixed to form a homo¬ 
geneous material. (Yes/No) 

17.513. Light water, heavy water and graphite 

are the most common moderators used 
in reactors. (Yes/No) 

17.514. A.reactor converts fertile materials 

238 

into fissionable materials such as U 
and Th 232 to Pu 239 and U 233 respectively 
besides the power production. 

17.515. The reflector of the reactor consists of 

an assemblage of fuel elements, control 
rods, and coolant. (Yes/No) 

17.516. In a nuclear reactor the function of a 

moderator is to slow down the neutron 
from high velocities. (Yes/No) 


Downloaded From : www.EasyEngineering.net 










Downloaded From : www.EasyEngineering.net 


POWER PLANT ENGINEERING 

17.517. A reactor coolant should have high vis¬ 
cosity. (Yes/No) 

17.518. In a pressurised water reactor ( PWR ) 

water acts both as coolant as well as 
moderator. (Yes/No) 

17.519. In a boiling water reactor enriched fuel 

is used. (Yes/No) 

17.520. In a gas cooled reactor there is ample 

corrosion problem. (Yes/No) 

17.521. Sodium-graphite reactor is one of the 
typical liquid metal reactors. (Yes/No) 


17.35 

17.522. The specific power of a breeder reactor 

is very high. (Yes/No) 

17.523. The proportion of the fissile material 

in the fuel is of considerable importance 
in determining the critical size of the 
reactor. (Yes/No) 

17.524. The capital cost of a nuclear power sta¬ 
tion is always high. (Yes/No) 

17.525. The maintenance cost of a nuclear 
power station is always low. (Yes/No) 


ANSWERS 

(Power Plant Engineering) 


A. Choose the Correct Answer : 


17.1. (6) 

17.2. (a) 

17.3. (a) 

17.4. (a) 

17.5. (c) 

17.6. (6) 

17.7. (a). 

17.8. (a) 

17.9. (d) 

17.10. (a) 

17.11. ( b) 

17.12. (d) 

17.13. (c) 

17.14. (c) 

17.15. (d) 

17.16. (6) 

17.17. (a) 

17.18. (6) 

17.19. (6) 

17.20. (6) 

17.21. (6) 

17.22. (a) 

17.23. (6) 

17.24. (6) 

17.25. (a) 

17.26. (c) 

17.27. ( b ) 

17.28. ( d ) 

17.29. (6) 

17.30. (6) 

17.31. (b) 

17.32. (c) 

17.33. (6) 

17.34.(6) 

17.35. (6) 

17.36. (a) 

17.37. (6) 

17.38. (6) 

17.39. (d) 

17.40. (c) 

17.41. (6) 

17.42. (d) 

17.43. {d) 

17.44. (a) 

17.45. (c) 

17.46. (d) 

17.47. (d) 

17.48. (a) 

17.49. (6) 

17.50. (c) 

17.51. (d) 

17.52. (d) 

17.53. (6) 

17.54. (a) 

17.55. (e) 

17.56. (c) 

17.57. (a) 

17.58. (a) 

17.59. (a) 

17.60. (6) 

17.61. (c) 

17.62. (d) 

17.63. (6) 

17.64. (a) 

17.65. (c) 

17.66. (c) 

17.67. (c) 

17.68. (c) 

17.69. (c) 

17.70. (d) 

17.71. (c) 

17.72. (c) 

17.73. {d) 

17.74. (a) 

17.75. (a) 

17.76. (c) 

17.77. (6) 

17.78. (a) 

17.79. (6) 

17.80. (d) 

17.81. (a) 

17.82. (d) 

17.83. (6) 

17.84. (a) 

17.85. (c) 

17.86. (a) 

17.87. (c) 

17.88. (a) 

17.89. (a) 

17.90. (a) 

17.91. (d) 

17.92. (d) 

17.93. (c) 

17.94. (a!) 

17.95. (6) 

17.96. (d) 

17.97. (6) 

17.98. (a) 

17.99. (6) 

17.100. (d) 

17.101. (c) 

17.102. {d) 

17.103. (e) 

17.104. (6) 

17.105. (6) 

17.106. {d) 

17.107. (6) 

17.108. (d) 

17.109. (6) 

17.110. (d) 

17.111. (c) 

17.112. (c) 

17.113. (b) 

17.114.(6) 

17.115. (6) 

17.116. (6) 

17.117. ( b ) 

17.118. (c) 

17.119. (d) 

17.120. (6) 

17.121. (d.) 

17.122. (c) 

17.123. (c) 

17.124. (d) 

17.125. (a) 

17.126. (6) 

17.127. (6) 

17.128. (e) 

17.129. (c) 

17.130. (c) 

17.131. (c) 

17.132. (c) 

17.133. (c) 

17.134. (6) 

17.135. (6) 
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17.136. (c) 

17.137. (a) 

17.138. ( b ) 

17.139. (6) 

17.140. (e) 

17.141. (6) 

17.142. (6) 

17.143. (c) 

17.144. (a) 

17.145. (c) 

17.146. (6) 

17.147. (a) 

17.148. (c) 

17.149. (a) 

17.150. (c) 

17.151. (c) 

17.152. (a) 

17.153. (c) 

17.154. (c) 

17.155. (d) 

17.156. (b) 

17.157. (6) 

17.158. (a) 

17.159. (c) 

17.160. (a) 

17.161. (c) 

17.162. (b) 

17.163. (a) 

17.164. (a) 

17.165. (a) 

17.166. (b) 

17.167. (c) 

17.168. (c) 

17.169. (o) 

17.170. (6) 

17.171. (a) 

17.172. (a) 

17.173. (c) 

17.174. (b) 

17.175. (d) 

17.176. (6) 

17.177. (a) 

17.178. (6) 

17.179. (c) 

17.180 .(d) 

17.181. (c) 

17.182. (a) 

17.183. (6) 

17.184. (d) 

17.185. (6) 

17.186. (a) 

17.187. (a) 

17.188. (6) 

17.189. (c) 

17.190. (d) 

17.191. (a) 

17.192. ( d) 

17.193. (6) 

17.194. (a) 

17.195. (6) 

17.196. (c) 

17.197. (c) 

17.198. (d) 

17.199. (c) 

17.200. (a) 

17.201. (a) 

17.202. (a) 

17.203. (6) 

17.204. (a) 

17.205. (6) 

17.206. (6) 

17.207. (d) 

17.208. (a) 

17.209. (a) 

17.210. (c) 

17.211. (6) 

17.212. (6) 

17.213. (a) 

17.214. (a) 

17.215. (6) 

17.216. (a) 

17.217. (c) 

17.218. (a) 

17.219. (6) 

17.220. (6) 

17.221. (c) 

17.222. (6) 

17.223. (6) 

17.224. (6) 

17.225. (c) 

17.226. (6) 

17.227. (c) 

17.228. (6) 

17.229. (d) 

17.230. (6) 

17.231. (a) 

17.232. ( d ) 

17.233. (a) 

17.234. (c) 

17.235. (a) 

17.236. (c) 

17.237. (6) 

17.238. (a) 

17.239. (b) 

17.240. (a) 

17.241. (a) 

17.242. (6) 

17.243. (c) 

17.244. (a) 

17.245. (6) 

17.246. (c) 

17.247. (c) 

17.248. (c) 

17.249. (c) 

17.250. (e) 

17.251. (c) 

17.252. (a) 

17.253. (a) 

17.254. (6) 

17.255. (e) 

17.256. (6) 

17.257. (c) 

17.258. (b) 

17.159. (c) 

17.260. (b) 

17.261. (c) 

17.262. (a) 

17.263. (c) 

17.264. (e) 

17.265. (e) 

17.266. (a) 

17.267. (c) 

17.268. (6) 

17.269. (c) 

17.270. (c) 

17.271. (c) 

17.272. (b) 

17.273. (d) 

17.274. (6) 

17.275. (c) 

17.276. (6) 

17.277. (6) 

17.278. (a) 

17.279. (d) 

17.280. (c) 

17.281. (c) 

17.282. (d) 

17.283. (a) 

17.284. (a) 

17.285. (c) 

17.286. (6) 

17.287. (d) 

17.288. (6) 

17.289. (c) 

17.290. (b) 

17.291. (b) 

17.292. (6) 

17.293. (a) 

17.294. ( b ) 

17.295. (a) 

17.296. (f>) 

17.297. (a) 

17.298. (6) 

17.299. (d) 

17.300. (c) 

B. Fill in the Blanks/Say ‘Yes’ 

or ‘No’: 



17.301. Yes 


17.302. No 

17.303. No 

17.304. Peat 


17.305. No 

17.306. hard 

17.307. Yes 


17.308. No 

17.309. Yes 

17.310. steam 


17.311. No 

17.312. No 

17.313. Yes 


17.314. No 

17.315. No 

17.316. Yes 


17.317. No 

17.318. No 

17.319. No 


17.320. methane 

17.321. No 
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17.322. highest 

17.325. Yes 

17.328. No 

17.331. stoker 

17.334. Yes 

17.337. Yes 

17.340. Yes 

17.343. draught 

17.346. No 

17.349. bent 

17.352. No 

17.355. No 

17.358. No 

17.361. No 

17.364. No 

17.367. No 

17.370. high, low 

17.373. Yes 

17.376. No 

17.379. cones 

17.382. air 

17.385. induced 

17.388. Yes 

17.391. No 

17.394. Yes 

17.397. No 

17.400. Yes 

17.403. No 

17.406. compression 

17.409. Yes 

17.412. ’Yes 

17.415. Yes 

17.4i8. No 

17.421. No 

17.424. Yes 

17.427. Natural 

17.430. Yes 

17.433. Yes 

17.436. No 

17.439. No 

17.442. Yes 


17.323. Yes 

17.326. No 

17.329. Belt 

17.332. No 

17.335. underfeed 

17.338. Yes 

17.341. fluidised 

17.344. No 

17.347. Yes 

17.350. Yes 

17.353. Yes 

17.356. increase 

17.359. Yes 

17.362. overall 

17.365. Yes 

17.368. No 

17.371. No 

17.374. No 

17.377. opposite 

17.380. No 

17.383. No 

17.386. Yes 

17.389. Yes 

17.392. No 

17.395. No 

17.398. Yes 

17.401. No 

17.404. bore 

17.407. Yes 

17.410. No 

17.413. Yes 

17.416. Yes 

17.419. Yes 

17.422. No 

17.425. No 

17.428. No 

17.431. Yes 

17.434. combustor 

17.437. near 

17.440. No 

17.443. Yes 


17.324. Yes 

17.327. decreases 

17.330. Yes 

17.333. Yes 

17.336. No 

17.339. No 

17.342. Yes 

17.345. Yes 

17.348. No 

17.351. Yes 

17.354. economiser 

17.357. Yes 

17.360. Yes 

17.363. No 

17.366. No 

17.369. Yes 

17.372. Yes 

17.375. Yes 

17.378. No 

17.381. No 

17.384. opposite 

17.387. No 

17.390. No 

17.393. deaeration 

17.396. pH 

17.399. Yes 

17.402. heat 

17.405. No 

17.408. No 

17.411. Yes 

17.414. No 

17.417. Yes 

17.420. Yes 

17.423. Yes 

17.426. Yes 

17.429. Yes 

17.432. No 

17.435. Yes 

17.438. Yes 

17.441. Yes 

17.444. No 
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17.445. Yes 

17.446. siphon 

17.447. No 

17.448. Yes 

17.449. No 

17.450. No 

17.451. conduit 

17.452. penstock 

17.453. No 

17.454. Yes 

17.455. Yes 

17.456. No 

17.457. Yes 

17.458. Yes 

17.459. No 

17.460. Yes 

14.461. throttled 

17.462. No 

17.463. Yes 

17.464. Yes 

17.465. Yes 

17.466. No 

17.467. No 

17.468. high, low 

17.469. Yes 

17.470. No 

17.471. No 

17.472. Yes 

17.473. Francis 

17.474. No 

17.475. No 

17.476. low 

17.477. Yes 

17.478. volumetric 

17.479. No 

14.480. Spear 

17.481. Yes 

17.482. Precipitation 

17.483. No 

17.484. Yes 

17.485. Yes 

17.486. No 

17.487. Yes 

17.488. No 

17.489. Yes 

17.490. Yes 

17.491. No 

17.492. isotopes 

17.493. isotones 

17.494. No 

17.495. No 

17.496. Yes 

17.497. Yes 

17.498. No 

17.499. activity 

17.500. Yes 

17.501. No 

17.502. Yes 

17.503. Yes 

17.504. No 

17.505. Yes 

17.506. Fission 

17.507. No 

17.508. Yes 

17.509. No 

17.510. Yes 

17.511. Yes 

17.512. No 

17.513. Yes 

17.514. breeder 

17.515. No 

17.516. Yes 

17.517. No 

17.518. Yes 

17.519. Yes 

17.520. No 

17.521. Yes 

17.522. No 

17.523. Yes 

17.524. Yes 

17.525. No. 


□ □ 
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18*1* INTRODUCTION 

In all fields of industry economics plays an important role. In power plant engineering 
economics of power system use certain well established techniques for choosing the most suitable 
system. The power plant design must be made on the basis of most economical condition and not on 
the most efficient condition as the profit is the main basis in the design of the plant and its 
effectiveness is measured financially. The main purpose of design and operation of the plant is to 
bring out the cost of energy produced to minimum. Among many factors, the efficiency of the plant is 
one of the factors that determines the energy cost. In majority of cases, unfortunately the most 
thermally efficient plant is not economic one. 


18.2. TERMS AND DEFINITIONS 

1. Connected load. The connected load on any system, or part of a system, is the combined 
continuous rating of all the receiving apparatus on consumers premises, which is connected to the 
system , or part of the system, under consideration. 

2. Demand. The demand of an installation or system is the load that is drawn from the source 
of supply at the receiving terminals averaged over a suitable and specified interval of time. Demand 
is expressed in kilowatts (kW), kilovolt-amperes (kVA), amperes (A), or other suitable units. 

3. Maximum Demand or Peak Load. The maximum demand of an installation or system 
is the greatest of all the demands that have occurred during a given period. It is determined by 
measurement, according to specifications, over a prescribed interval of time. 

4. Demand Factor. The demand factor of any system, or part of a system, is the ratio of 
maximum demand of the system, a part of the system, to the total connected load of the system, or of 
the part of the system, under consideration . Expressing the definition mathematically, 

maximum demand 


Demand factor = 


...(18.1) 


connected load 

5. Load Factor. The load factor is the ratio of the average power to the maximum demand. In 
each case, the interval of maximum load and the period over which the average is taken should be 
definitely specified, such as a “half-hour monthly” load factor. The proper interval and period are 
usually dependent upon local conditions and upon the purpose for which the load factor is to be used. 
Expressing the definition mathematically, 


Load factor = 


average load 


...(18.2) 


maximum demand 

6. Diversity Factor. The diversity factor of any system, or part of a system, is the ratio of 
the maximum power demands of the subdivisions of the system, or part of a system, to the maximum 
demand of the whole system, or part of the system, under consideration, measured at the point of 
supply. Expressing the definition mathematically 
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„ . sum of individual maximum demands 

Diversity factor - -—:- 3 - 3 7 ” -do. 0 ) 

maximum demand of entire group 

7. Utilization Factor. The utilization factor is defined as the ratio of the maximum generator 

demand to the generator capacity. 

8 . Plant Capacity Factor. It is defined as the ratio of actual energy produced in kilowatt 
hours (kWh) to the maximum possible energy that could have been produced during the same period. 
Expressing the definition mathematically, 

E 

Plant capacity factor = ....(18.4) 

where E = energy produced (kWh) in a given period 
C = capacity of the plant in kW 
t - total number of hours in the given period. 

9. Plant Use Factor. It is defined as the ratio of energy produced in a given time to the 
maximum possible energy that could have been produced during the actual number of hours the plant 
was in operation. Expressing the definition mathematically, 

E 


Plant use factor = 


C xt r 


...(18.5) 


where t ’ = actual number of hours the plant has been in operation. 

10. Types of loads 

(i) Residential load. This type of load includes domestic lights, power needed for domestic 
appliances such as radios, television, water heaters, refrigerators, electric cookers and small motors 
for pumping water. 

(it) Commercial load. It includes lightingfor shops, advertisements and electrical appliances 
used in shops and restaurants etc. 

(Hi) Industrial load. It consists of load demand of various industries. 

(iv) Municipal load. It consists of street lighting, power required for water supply and 
drainage purposes. 

(u) Irrigation load. This type of load includes electrical power required for pumps driven by 
electric motors to supply water to fields. 

(vi) Traction load. It includes trams, cars, trolleys, buses and railways. 

11. Load Curve. A load curve (or load 

graph) is a gi'aphic record showing the power 
demands for every instant during a certain time 
interval. Such a record may cover 1 hour, in 
which case it would be an hourly load gt'aph ; 

24 hours, in which case it would be a daily load 
graph ; a month in which case it would be a 
' monthly load gr'aph ; or a year (8760 hours), in 
which case it would be a yearly load gr'aph. The 
following points are worth noting. 

Refer Fig. 18.1. Eig. 181 . Load curve. 

(i) The area under the load curve represents the energy generated in the period considered. 

(ii) The area under the curve divided by the total number hours gives the average load on the 
power station. 
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(iii) The peak load indicated by the load curve I graph represents the maximum demand of the 

power-station. 

Signifi cance of load curves 

__ Load curves give full information about the incoming load and help to decide the installed 
capacity of the power station and to decide the economical sizes of various generating 

units. 

— These curves also help to estimate the generating cost and to decide the operating schedule 
of the power station, i. e., the sequence in which different units should be run. 

12. Load Duration Curve. A load duration curve represents re-arrangements of all the load 
elements of chronological load curve in order of descending magnitude. This curve is derived from 
the chronological load curve. 

Fig. 18.2 shows a typical daily load curve for a power station. It may be obs ^ ed ^ t ^ 
maximum load on power station is 35 kW from 8 A.M. to 2 P.M. This is plotted in Fig. 18.3. Similarly 
other loads of the load curve are plotted in descending order in the same figure. is is ca 
duration curve (Fig. 18.3). 


35 kW 



3 

J* 

■o 

o 

o 



Fig . 18.2. Typical daily load curve. 


\ 6 9 10 12 

Time (Hours) - 

Fig. 18.3. Load duration curve. 


The following points are worth noting : 

(i) The area under the load duration curve and the corresponding chronological load curve is 
equal and represents total energy delivered by the generating station. 

(ii) Load duration curve gives a clear analysis of generating power economically. Proper 
selection of base load power plants and peak load power plants becomes easier. 

13. Dump Power. This term is used in hydroplants and it shows the power in excess of the 
load requirements and it is made available by surplus water. 

14. Firm Power. It is the power which should always be a available even under emergency 

15. Prime Power. It is the power, may be mechanical, hydraulic or thermal that is always 

available for conversion into electric power. » 

16. Cold reserve. It is that reserve generating capacity which is not m operation u can 

made available for service. . . . 

17. Hot reserve. It is that reserve generating capacity which is in operation but not m ■ 

18. Spinningreserve.lt is that reserve generating capacity which is connect* to e us 

is ready to take the load. 
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18.3. PRINCIPLES OF POWER PLANT DESIGN 

The following factors should be considered while designing a power plant: 

1. Simplicity of design. 2. Low capital cost. 

3. Low cost of energy generated. 4. High efficiency. 

5. Low maintenance cost. 6. Low operating cost. 

7. Ref i ilicy of supplying power. 

8. Reserve capacity to meet future power demand. 

18.4. LOCATION OF POWER PLANT 

Some of the considerations on which the location of a power plant depends are : 

1. Centre of Electrical Load. The plant should be located where there are industries and 
other important consumption places of electricity. There will be considerable advantage in placing 
the power station nearer to the centre of the load. 

— There will be saving in the cost of copper used for transmitting electricity as the distance 
of transmission line is reduced. 

— The cross-section of the transmission line directly depends upon the maximum current to 
be carried. In case of alternating current the voltage to be transmitted can be increased 
thus reducing the current and hence the cross-section of the transmission line can be 
reduced. This will save the amount of copper. 

— It is desirable now to have a national grid connecting all power stations. This provides for 
selecting a site which has other advantages such as nearer to fuel supply, condensing 
water availability. 

2. Nearness to the Fuel Source. The cost of transportation of fuel may be quite high if the 
distance of location of the power plant is considerable. It may be advisable to locate big thermal power 
plants at the mouth of the coal mines. Lignite coal mines should have centralised thermal power 
station located in the mines itself as this type of coal cannot be transported. Such type of power 
stations could be located near oil fields if oil is to be used as a fuel and near gas wells where natural 
gas is available in abundance. In any case it has been seen that it is cheaper to transmit electricity 
than to tj'ansport fuel. Hence the power plant should be located nearer the fuel supply source. 

3. Availability of Water. The availability of water is of greater importance than all other 
factors governing station location. Water is required for a thermal power station using turbines for 
the following two purposes : 

(i) To supply the make-up water which should be reasonably pure water. 

( ii ) To cool the exhaust steam. This cooling purpose is done in case of diesel engines too. For 
bigger power stations the quantity of this cooling water is tremendous and requires some natural 
source of water such as lake, river or even sea. Cooling towers could be used economically as the same 
cooling water could be used again and again. Only a part of make-up-water for cooling will then be 
required. For small plants spray pounds could sometimes be used. It is economical to limit the rise 
in cooling-water temperature to a small value (between 6 and 12°O, and, to gain is cycle efficiency at 
the expense of increased cooling water pumping requirement. 

4. Type of Soil Available and Land Cost. While selecting a site for a power plant it is 
important to know about the character of the soil. If the soil is loose having low bearing power the 
pile foundation have to be used. Boring should be made at most of the projected site to have an idea 
of the character of the various strata as well as of the bearing power of the soil. The best location is 
that for which costly and special foundation is not required. 

In case of power plants being situated near metropolitan load centres, the land there will be 

very costly as compared to the land at a distance from, the city. 

,V \ 
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18.5. LAYOUT OF POWER PLANT BUILDING 

The following points should be taken care of while deciding about power plant building and 
its layout: 

1. The power plant structure should be simple and rugged with pleasing appearance. 

2. Costly materials and ornamental work should be avoided. 

3. The power plant interior should be clean, airy and attractive. 

4. The exterior of the .building should be impressive and attractive. 

5. Generally the building should be single storeyed. 

6. The layout of the power plant should first be made on paper, the necessary equipment well 
airanged and then design the coveringstructure. In all layout, allowances must be made for sufficient 
clearances and for walkways. Good clearance should be allowed around generators, boilers, heaters, 
condensers etc. Walkway clearances around hot objects and rapidly moving machinery should be 
wider than those just necessary to allow passage. Also the galleries in the neighbourhood of high 
tension bus bars should be sufficient as the space will permit. 

7. Provision for future extension of the building should be made. 

8. The height of the building should be sufficient so that overhead cranes could operate well 
and the overhauling of the turbines etc. is no problem. Sufficient room should be provided to lift the 
massive parts of the machines. 

9. Each wall should receive a symmetrical treatment in window openings etc. 

10. The principal materials used for building the power plant building are brick, stone, hollow 
tiles, concrete and steel. 

11. In case of a steam power plant , there are distinct parts of the building viz., boiler room , 
turbine room and electrical bays. Head room required in the boiler room should be greater than in 
the others. Ventilation in boiler room presents greater difficulty because of heat liberated from the 
boiler surfaces. The turbine room is actually the show room of the plant. Mezzamine flooring should 
be used in the power plant. The chimney height should be sufficient so as to release the flue gases 
sufficiently high so that the atmosphere is not polluted and the nearby buildings are not affected. 

12. The foundation of a power plant is one of the most important considerations. For this the 
bearing capacity of the sub-soil, selection of a working factor of safety and proportioning the wall 
footings to economical construction should be well thought of and tested. The pile foundations may 
have to be used where the soils have low bearing values. 

13. In any power plant machine foundation plays an important part. The machine foundation 
should be able to distribute the weight of the machine, bed plate and its own weight over a safe 
subsoil area. It must also provide sufficient mass to absorb machine vibrations. 

14. Sufficient room for storage of fuel should be provided indoor as well as outdoor so as to 
ensure against any prolonged breakdown. 

18.6. COST ANALYSIS 

The cost of a power system depends upon whether : 

( i ) an entirely new power system has to be set up, or 

{ii) an existing system has to be replaced, or 

(Hi) an extension has to be provided to the existing system. The cost inter alia includes : 

1. Capital Cost or Fixed Cost. It includes the following : 

( i ) Initial cost (it) Interest 

(Hi) Depriciation cost (tu) Taxes 

(v) Insurance. 
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2. Operation Cost. It includes the following: 

(i) Fuel cost ( ii) Operating labour cost 

(Hi) Maintenance cost (id) Supplies 

(n) Supervision (vi) Operating taxes. 

The above mentioned costs are discussed as follows : 

(a) Initial Cost 

Some of the several factors on which cost of a generating station or a power plant depends are: 

(i ) Location of the plant (ii) Time of construction 

(Hi) Size of units (iv) Number of main generating units 

(v) The type of structure to be used. 

The initial cost of a power station includes the following : 

1. Land cost 2. Building cost 

3. Equipment cost 4. Installation cost 

5. Overhead charges which will include the transportation cost, stores and storekeeping 
charges, interest during construction etc. 

— To reduce the cost of building , it is desirable to eliminate the super structure over the 
boiler house and as far as possible on turbine house also. 

— The cost on equipment can be reduced by adopting unit system where one boiler is used 
for one turbo-generator. Also by simplifying the piping system and elimination of duplicate 
system such as steam headers and boiler feed headers. The cost can be further reduced 
by eliminating duplicate or stand-by auxiliaries. 

— When the power plant is not situated in the proximity to the load served, the cost of a 
primary distribution system will be a part of the initial investment. 

(b) Interest 

All enterprises need investment of money and this money may be obtained as loan, through 
bonds and shares or from owners of personal funds. Interest is the difference between money borrowed 
and. money returned. It may be charged at a simple rate expressed as % per annum or may be 
compounded, in which case the interest is reinvested and adds to the principal, thereby earning more 
interest in subsequent years, Even if the owner invests his own capital the charge of interest is 
necessary to cover the income that he would have derived from it through an alternative investment 
or fixed deposit with a bank. Amortization in the periodic repayment of the principal as a uniform 
annual expense. 

(c) Depreciation 

Deprecialion accounts for the deterioration of the equipment and decrease in its value due to 
corrosion , weathering and wear and. tear with use. It also covers the decrease in value of equipment 
due to obsolescence. With rapid improvements in design and construction of plants, obsolescence 
factor is of enormous importance. Availability of better models with lesser overall cost of generation 
makes it imperative to replace the old equipment earlier than its useful life is spent. The actual life 
span of the plant, has, therefore to be taken as shorter, what would be normally expected out of it. 
The following methods are used to calculate the depreciation cost: 

(i) Straight line method (ii) Percentage method 

(Hi) Sinking fund method (iv) Unit method. 

(i) Straight Line Method. It is the simplest and commonly used, method. The life of the 
equipment or the enterprise is first assessed as also the residual or salvage value of the same after 
the estimated life span. This salvage value is deducted from the initial capital cost and the balance 
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is divided by the life as assessed in years. Thus, the annual value of decrease in cost of equipment is 
found and is set aside as depreciation annually from the income. Thus , the rate of depreciation is 
uniform throughout the life of the equipment. By the time the equipment has lived out its useful life, 
an amount equivalent to its net cost is accumulated which can be utilised for replacement of the 
plant. 

0 H ) Percentage Method. In this method the deterioration in value of equipment from year 
to year is taken into account and the amount of depreciation calculated upon actual residual value 
for each year. It thus, reduces for successive years. 

(Hi) Sinking Fund Method. This method is based on the conception that the annual uniform 
deduction from income for depreciation will accumulate to the capital value of the plant at the end of 
life of the plant or equipment. In this method, the amount set aside per year consists of annual 
instalments and the interest earned on all the instalments. 


Here, 




i 

(1+if-1 


C P-S) 


...( 18 . 6 ) 


where, A - amount set aside at the end of each year for n years. 
n = life of plant in years. 

S = salvage value at the end of plant life. 
i = annual rate of compound interest on the invested capital. 

P = initial investment to install the plant. 

(iv) Unit Method. In this method some factor is taken as a standard one and depreciation in 
measured by that standard . In place of years an equipment will last, the number of hours that an 
equipment will last is calculated. This total number of hours is then divided by the capital value of 
the equipment. This constant is then multiplied by the number of actual working hours each year to 
get the value of depreciation for that year. In place of number of hours, the number of units of 
production is taken as the measuring standard. 

(d) Operational Cost 

The elements that make up the operating expenditure of a power plant include the following 

costs : 


(i) Cost of fuels (ii) Labour cost 

(Hi) Cost of maintenance and repairs (iv) Cost of stores (other than fuel) 

( v ) Supervision (vi) Taxes. 

Cost of fuels. In a thermal station fuel is the heaviest item of operating cost. The selection 
of the fuel and the maximum economy in its use are, therefore, very important considerations in 
thermal plant design. It is desirable to achieve the highest thermal efficiency for the plant so that 
fuel charges are reduced. The cost of fuel includes not only its price at the site of purchase but its 
transportation and handling costs also. In the hydroplants the absence of fuel factor in cost is 
responsible for lowering the operating cost. Plant heat rate can be improved by the use of better quality 
of fuel or by empolying better thermodynamic conditions in the plant design. 

The cost of fuel varies with the following: 

(i) Unit price of the fuel 

(ii) Amount of energy produced 
(Hi) Efficiency of the plant. 

Labour Cost. For plant operation labour cost is another item of operating cost. Maximum 
labour is needed in a thermal power plant using coal as a fuel. A hydraulic power plant or a diesel 
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power plant of equal capacity require a lesser number of persons. In case of automatic power station 
the cost of labour is reduced to a great extent. However labour cost cannoTbe-completely eliminated 
even with fully automatic station as they will still require some man power for periodic inspection 

_ 4- _ 

fcJLC. 

Cost of maintenance and repairs. In order to avoid plant breakdowns maintenance i s 
necessary. Maintenance includes periodic cleaning, greasing, adjustments and overhauling of equip, 
merit. The materials used for maintenance is also charged under this head. Sometimes an arbitrary 
percentage is assumed as maintenance cost. A good plan of maintenance would keep the sets in 
dependable condition and avoid the necessity of too many stand-by plants. 

Repairs are necessitated when the plant breaks down or stops due to faults developing in the 
mechanism. The repairs may be minor, major or periodic overhauls and are charged to the 
depreciation fund of the equipment. This item of cost is higher for thermal plants than for 
hydro-plants due to complex nature of principal equipment and auxiliaries in the former. 

Cost of stores, (other than fuel). The items of consumable stores other than fuel include such 
articles as lubricating oil and greases, cotton waste, small tools, chemicals, paints and such other 
things. The incidence of this cost is also higher in thermal stations than in hydro-electric power 
stations. 

Supervision. In this head the salary of supervising staff is included. A good supervision is 
reflected in lesser breakdowns and extended plant life. The supervising staff includes the station 
superintendent, chief engineer, chemist, engineers, supervisors, stores incharges, purchase officer 
and other establishment. Again, thermal stations particulary coni fed, have a greater incidence of 
this cost than the hydro-electric power stations. 

Taxes. The taxes under operating head includes the following : 

(i) Income tax 

(ii) Sales tax 

(Hi) Social security and employee’s security etc. 

18.7. SELECTION OF TYPE OF GENERATION 

While choosing the type of generation the following points should be taken into 
consideration : 

1. The type of fuel available or availability of suitable sites for water power generation. 

2. Fuel transportation cost. 

3. Land required. 

4. Foundation cost. 

5. The availability of cooling water. 

6. The type of load to be taken by the power plant. 

7. Reliability in operation. 

8. Plant life. 

9. Cost of transmitting the energy. 

18.8. SELECTION OF SIZE AND NUMBER OF GENERATING UNITS 

The following points are worth noting : 

1. The most appropriate way of deciding the size and number of generating sets in a station 
is to select the number of sets in such a way so as to fit in the load curve as closely as possible , so that 
the plant capacity may be used efficiently. 
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2. Extra spare capacity is not desired as it 
increases the capital expenditure. 

3. The main aim should be to have units of 
different capacities which will suitably fit in the load 
curve so that most of the generators when in use can 
be operated at nearly full load. 

The equipment prices are usually compared 
on the basis of price per unit of capacity, usually 
termed as ‘unit price’. The unit price decreases as the 
capacity of the machine increases . This is the main 
reason for adopting a large size generating unit in 
power plants. Fig. 18.4 shows the general trend and 
trend of the major cost components in building a given 
type of machine. 


18.9 



Fig. 18.4 . Variation of costs of power plant ver¬ 
sus its capacity. 


18.9. HOW TO REDUCE POWER GENERATION COST 


The cost of power generation can be reduced by 

1. Using a plant of simple design that does not need highly skilled personnel. 

2. Selecting equipment of longer life and proper capacities . 

3. Carrying out proper maintenance of power plant equipment to avoid plant breakdowns. 

4. Running the power station at high load factor. 

5. Increasing the efficiency of the power plant. 

6. Keeping proper supervision, which ensures less breakdowns and extended plant life. 

18.10. TARIFF FOR ELECTRICAL ENERGY 


Tariffs or energy rates are the different methods of charging the consumers for the consumption 
of electricity. 

General trariff form. A large number of tariff have been prepared from time to time and are 
in use. They are all derived from the following general equation : 

z = a. x + b.y + c 

where, z = total amount of bill for the period consumed, 
x = maximum demand in kW, 

y = energy consumed in kWh during the period considered, 
a = rate per kW of maximum demand, 
b = energy rate per kWh, and 

c = constant amount charged to the consumer during each billing period. This charge is 
independent of demand or total energy because a consumer that remains connected 
to the line incurs expenses even if he does not use energy. 


Various types of Tariffs 
1. Flat demand rate 
3. Block meter rate* 

5. Doherty rate (three part tariff) 


2. Straight meter rate 

4. Hopkinson demand rate (Two part-tariff) 

6. Wright demand rate 
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1. Flat demand rate 

The flat demand rate is expressed as follows : 

2 = a.x ...(18.7) 

i.e ., the bill depends only on the maximum demand irrespective of amount of energy consumed. 

By the use of this form of tariff the cost of metering equipment and meter reading is 
eliminated. 

2. Straight meter rate 

The straight meter rate can be expressed in the form 

2 = b.y ...(18.8) 

Here the charge per unit is constant. 

3. Block meter rate 

The term ‘block* indicates that a certain specified price unit is charged for all or any part of 
such units. The reduced prices per unit are charged for all or any part of succeeding blocks of units, 
each such reduced price per unit applying only to a particular block or portion there of. Its main 
defect is that it lacks a measure of the customer’s demand. 

4. Hopkinson demand rate (Two part tariff) 

This method charges the consumer according to his maximum demand and energy consump¬ 
tion. This can be expressed as 

2 = a + b.y ...(18.9) 

This method requires two meters to record the maximum demand and energy consumption of 
the consumer. This form of tariff is used for industrial consumers. 

5. Doherty rate (Three part tariff) 

It consists of a customer or meter charge , plus a demand charge plus any energy charge. 

This is expressed as follows : 

y = a.x + b.y + c ...(18.10) 

As it requires two meters it is better suited for industrial than for residential customers. 

6 . Wright demand rate 

This rate intensifies the inducement by lowering both the demand and energy charge for a 
reduction in maximum demand or in other words an improvement in load factor. This rate is usually 
specified for industrial customers who have some measure of control over their maximum demands . 


OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer : 

18.1, Load factor of a power station is defined 
as 

(a) maximum demand/average load 

(b) average load x maximum demand 

(c) average load/maximum demand 

(d) (average load x maximum 
demand) 1/2 

18.2. Load factor of a power station is 
generally 

(a) equal to unity (6) less than unity 


(c) more than unity 
(i d ) equal to zero 

18.3. Diversity factor is always 

(a) equal to unity (6) less than unity 
(c) more than unity 
(c0 more than twenty 

18.4. Load factor for heavy industries may be 
taken as 

(a) 10 to 20% (6) 25 to 40% 

(c) 50 to 70% {d) 70 to 80% 
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18.5. The load factor of domestic load is 
usually 

(a) 10 to 15% (6) 30 to 40% 

(c) 50 to 60% (d) 60 to 70% 

18.6. Annual depreciation cost is calculated 
by 

(a) sinking fund method 

( b ) straight line method 

(c) both (a) and ( b) 

{d) none of the above 

18.7. Depreciation charges are high in case 
of 

(a) thermal plant (6) diesel plant 
(c) hydroelectric plant 

18.8. Demand factor is defined as 

(а) average load/maximum load 

(б) maximum demand/connected load 

(c) connected load/maximum demand 

(d) average load x maximum load 

18.9. High load factor indicates 

(а) cost of generation per unit power is 
increased 

(б) total plant capacity is utilised for 
most of the time 

(c) total plant capacity is not properly 
utilised for most of the time 

(d) none of the above 

18.10. A load curve indicates 

(a) average power used during the 
period 

(b) average kWh (kW) energy con¬ 
sumption during the period 

(c) either of the above 

( d ) none of the above 

18.11. Approximate estimation of power 
demand can be made by 

(а) load survey method 

(б) statistical methods 

(c) mathematical method 

(d) economic parameters 

(e) all of the above 

18.12. Annual depreciation as per straight 
line method, is calculated by 

(a) the capital cost divided by number 
of year of life 

( b ) the capital cost minus the salvage 
value, is divided by the number of 
years of life 


(c) increasing a uniform sum of money 
per annum at stipulated rate of in¬ 
terest 

{d) none of the above 

18.13. A consumer has to pay lesser fixed 
charges in 

(a) flat rate tariff (6) two part tariff 

(c) maximum demand tariff 

( d ) any of the above 

18.14* In two part tariff, variation in load fac¬ 
tor will affect 

(а) fixed charges 

(б) operating or running charges 

(c) both (a) and (6) 

( d ) either (a) or (6) 

18.15. In Hopknison demand rate or two part 
tariff the demand rate or fixed charges 
are 

(a) dependent upon the energy con¬ 
sumed 

(b) dependent upon the maximum 
demand of the consumer 

(c) both (a) and (6) 

(d) neither (a) nor (b) 

18.16. Which plant can never have 100 per¬ 
cent load factor ? 

(a) Peak load plant 

(b) Base load plant 

(c) Nuclear power plant 

(d) Hydro electric plant 

18.17. The area under a load curve gives 

(а) average demand 

(б) energy consumed 
(c) maximum demand 
(i d ) none of the above 

18.18. Different generating stations use fol¬ 
lowing prime movers 

(a) diesel engine (6) hydraulic turbine 
(c) gas turbine (d) steam turbine 

(e) any of the above 

18.19. Diversity factor has direct effect on the 

(а) fixed cost of unit generated 

(б) running cost of unit generated 

(c) both (a) and (6) 

(d) neither (a) nor ( b) 

18.20. Following power plant has instant 
starting 

(a) nuclear power plant 
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(b) hydro power plant 

(c) diesel power plant 

(d) both ( b ) and (c) 

(e) none of the above 

18.21. Which of the following generating sta¬ 
tion has minimum running cost ? 

(a) Nuclear (b) Hydro 

(c) Thermal ( d ) Diesel 

18.22. Power plant having maximum demand 
more than the installed rated capacity 
will have utilisation factor 

(a) equal to unity (6) less than unity 

(c) more than unity 

(d) none of the above 

18.23. Load curve is useful in deciding the 

(а) operating schedule of generating 
units 

(б) sizes of generating units 

(c) total installed capacity of the plant 

( d ) all of the above 

18.24. Load curve of a power plant has always 

(a) zero slope (6) positive slope 

(c) negative slope 

(d) any combination of (a), (b) and (c) 

18.25. Annual operating expenditure of a 
power plant consists of 

(а) fixed charges 

(б) semi-fixed charges 

(c) running charges 

(d) all of the above 

18.26. Maximum demand on a power plant is 

(а) the greatest of all “short time inter¬ 
val averaged” demand during a 
period 

(б) instantaneous maximum value of 
kVA supplied during a period 

(c) both (a) or (6) 

(d) none of the above 

18.27. Annual instalment towards deprecia¬ 
tion reduces as rate of interest increases 
with 

(а) sinking fund depreciation 

(б) straight line depreciation 

(c) reducing balances depreciation 

(d) none of the above 

18.28. Annual depreciation of the plant L 
proportional to the earning capacity of 
the plant vide 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(а) sinking fund depreciation 

(б) straight line depreciation 

(c) reducing balances depreciation 

(d) none of the above 

18.29. For high value of diversity factor, a 
power station of given installed capacity 
will be in a position to supply 

(a) less number of consumers 

(b) more number of consumers 

(c) neither (a) nor (6) 

(d) either (a) or (6) 

18.30. Salvage value of the plant is always 

(a) positive (6) negative 

(c) zero (d) any of the above 

18.31. Load curve helps in deciding 

(а) total installed capacity of the plant 

(б) sizes of the generating units 

(c) operating schedule of generating 
units 

(d) all of the above 

18.32 .can generate power at unpredict¬ 

able or uncontrolled times. 

(а) Solar power plant 

(б) Tidal power plant 

(c) Wind power plant 

(d) Any of the above 

18.33. Direct conversion of heat into electric 
power is possible through 

(a) fuel cell (b) batteries 

(c) thermionic converter 

(d) all of the above 

18.34. A low utilization factor for a plant 
indicates that 

(а) plant is used for stand by purpose 
only 

(б) plant is under maintenance 

(c) plant is used for base load only 

(d) plant is used for peak load as well 
as base load 

18.35. Which of the following is not a source 
of power ? 

(a) Thermocouple (6) Photovoltaic cell 
(c) Solar cell ( d ) Photoelectric cell 

18.36. Which of the following should be used 
for extinguishing electrical fires ? 

(а) Water 

(б) Carbon tetrachloride fire extin¬ 
guisher 
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(i c ) Foam type fire extinguisher 
(d) CO 2 fire extinguisher 

18.37. Low power factor is usually not due to 

(a) arc lamps ( b ) induction motors 

(c) fluorescent tubes 

( d ) incandescent lamp 

18.38. Ships are generally powered by 

(a) nuclear power plants 

( b ) hydraulic turbines 

(c) diesel engines 

(d) steam accumulators 

(e) none of the above 

18.39. Direct conversion of heat into electrical 
energy is possible through 

(a) fuel cells . (6) solar cells 
• (c) MHD generators 
(d) none of the above 

18.40. Which of the following place is not as¬ 
sociated with nuclear power plants in 
India ? 

(a) Narora (6) Tarapur 

(c) Kota (d) Benglore 

18.41. During load shedding 

(а) system power factor is changed 

(б) some loads are switched off 

(c) system voltage is reduced 

(d) system frequency is reduced 

18.42. Efficiency is the secondary considera¬ 
tion in which of the following plants ? 

(а) Base load plants 

(б) Peak load plants 
v (c) Both (a) and (b) 

(d) none of the above 

18.43. Air will not be the working substance 
in which of the following ? 

(а) Closed cycle gas turbine 

(б) Open cycle gas turbine 

(c) Diesel engine 

(d) Petrol engine 

18.44. A nuclear power plant is invariably 
used as a 

(а) peak load plant 

(б) base load plant 

(c) stand-by plant 

(d) spinning reserve plant 

(e) any of the above 

18.45.power plant is expected to have the 

longest life. 


18.46. 


18.47. 


18.48. 


18.49. 


18.50. 


18.51. 


18.52. 


18.53. 


18.54. 


(a) Steam (6) Diesel 

(c) Hydroelectric (d) Any of the above 

.: power plant cannot have single 

unit of 100 MW. 

(a) Hydroelectric (6) Nuclear 

(c) Steam ( d ) Diesel 

(e) Any of the above 

Which of the following, in a thermal 

power plant, is not a fixed cost ? 

(а) Fuel cost 

(б) Interest on capital 

(c) Depreciation 

(d) Insurance charges 

.will offer the least load. 

(a) Vacuum cleaner ( b ) Television 
(c) Hair dryer (d) Electric shaver 
In.fuel transportation cost is least. 

(a) nuclear power plants 

(b) diesel generating plants 

(c) steam power stations 

Which of the following equipment 
provides fluctuating load ? 

(a) Exhaust fan (6) Lathe machine 
(c) Welding transformer 
{d) All of the above 

The increased load during summer 
months is due to 

(а) increased business activity 

(б) increased water supply 

(c) increased use of fans and air con¬ 
ditioners 

(d) none of the above 

.is the reserved generating capacity 

available for service under emergency 
conditions which is not kept in opera¬ 
tion but in working order. 

(a) Hot reserve (b) Cold reserve 

(c) Spinning reserve 

(d) Firm power 

Generating capacity connected to the 
bus bars and ready to take load when 

switched on is known as. 

(a) firm power (6) cold reserve 
(c) hot reserve (d) spinning reserve 

.offers the highest electric load. 

(a) Television set (b) Toaster 

(c) Vacuum cleaner 

(d) Washing machine 
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18.55.. industry has the least power con¬ 

sumption per tonne of product. 

(a) Soap , (6) Sugar 

(c) Vegetable oil ( d ) Caustic soda 

18.56. With reference to a power station 
which of the following is not a fixed 
cost ? 

(а) Fuel cost 

(б) Interest on capital 

(c) Insurance charges 

(d) Depreciation 

18.57. is invariably used as base load 

plant. 

(a) Diesel engine plant 

( b ) Nuclear power plant 

(c) Gas turbine plant 

(d) Pumped storage plant 

18.58. In a power plant if the maximum demand 
on the plant is equal to the plant 
capacity, then 

(а) plant reserve capacity will be zero 

(б) diversity factor will be unity 

(c) load factor will be unity 

(d) load factor will be nearly 60% 

18.59. In case of.fuel transportation is the 

major problem. 

(а) diesel power plants 

(б) nuclear power plants 

(c) hydro-electric power plants 

(d) thermal power plants 

18.60. Which of the following power plants 
need the least period for installation ? 

(а) Thermal power plant 

(б) Diesel power plant 
(c) Nuclear power plant 

{d) Hydro-electric power plant 

18.61. For which of the following power plants 
highly skilled engineers are required 
for running the plants ? 

(a) Nuclear power plants 

( b ) Gas turbine power plants 

(c) Solar power plants 

(d) Hydro-electric power plants 

18.62. In which'of the following power plants 
the maintenance cost is usually high ? 

(a) Nuclear power plant 

(b) Hydro-electric power plants 

(c) Thermal power plants 

(d) Diesel engine power plants 


18.63.is invariably used for peak load 

(а) Nuclear power plant 

(б) Steam turbine plant 

(c) Pumped storage plant 

(d) None of the above 

18.64. Which of the following is not an operat¬ 
ing cost ? 

(a) Maintenance cost 

(b) Fuel cost 

(c) Salaries of high officials 

( d) Salaries of operating staff 

18.65. Which of the following is the essential 
requirement of peak load plant ? 

(a) It should run at high speed 

(b) It should produce high voltage 

(c) It should be small in size 

(d) It should be capable of starting 
quickly 

18.66. Large capacity generators are invari¬ 
ably 

(a) water cooled \ 

(b) natural air cooled 

(c) forced air cooled 

(d) hydrogen cooled 

18.67. By the use of which of the following 
power factor can be improved ? 

(a) Phase advancers 

(b) Synchronous compensators 

(c) Static capacitors 

(d) Any of the above 

18.68. An induction motor has relatively high 
power factor at 

(a) rated r.p.m. (6) no load 

(c) 20 percent load (d) near full load 

(e) none of the above 

18.69. Which of the following is the disad¬ 
vantage due to low power factor ? 

(а) Poor voltage regulation 

(б) Increased transmission losses 

(c) High cost of equipment for a given 
load 

(d.) All of the above 

18.70. In a distribution system, in order to 
improve power factor, the synchronous 
capacitors are installed 

(а) at the receiving end 

(б) at the sending end 

(c) either (a) or (6) 

(d) none oi . :.e above 
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18.71. Satie capacitors are rated in terms of 

(a) kW (6) kWh 

(c) kVAR 

(d) none of the above 

18.72. Base load plants usually have.capi¬ 
tal cost,.operating cost and.load 

factor. 

(а) high, high, high 

(б) high, low, high 

(c) low, low, low (d) low, high, low 

18.73. Which of the following is the disad¬ 
vantage of a synchronous condenser ? 

(а) High maintenance cost 

(б) Continuous losses in motor 

(c) Noise 

(d) All of the above 

18.74. For a consumer the most economical 
power factor is generally 

(a) 0.5 lagging (6) 0.5 leading 
(c) 0.95 lagging {d) 0.95 leading 

18.75. A synchronous condenser is virtually 
which of the following ? 

(а) Induction motor 

(б) Under excited synchronous motor 

(c) Over excited synchronous motor 

(d) D.C. generator 

, (e) None of the above 

18.76. For a power plant which of the follow¬ 
ing constitutes running cost ? 

(a) Cost of wages (6) Cost of fuel 

(c) Cost of lubricants 

(d) All of the above 

18.77. In an interconnected system, the diver¬ 
sity factor of the whole system 

(а) remains unchanged 

(б) decreases (c) increases 

(d) none of the above 

18.78. Generators for peak load plants are 
usually designed for maximum efficiency 
at 

(a) 25 to 50 percent full load 

(b) 50 to 75 percent full load 

(c) full load 

(d) 25 percent overload 

18.79.will be least affected due to charge 

in supply voltage frequency. 

(a) Electric clock (6) Mixer grinder 
(c) Ceiling fan (d) Room heater 


18.80. For the same maximum demand, if load 
factor is decreased, the cost of generation 
will 

(а) remain unchanged 

(б) decrease <c) increase 

18.81. The connected load of a domestic con¬ 
sumer is around 

(a) 5 kW (6) 40 kW 

(c) 80 kW (d) 120 kW 

18.82. WTiich of the following is not neces¬ 
sarily an advantage of interconnecting 
various power stations ? 

(а) Improved frequency of power sup¬ 
plied 

(б) Reduction in total installed capacity 

(c) Increased reliability 

(d) Economy in operation of plants 

18.83. A power transformer is usually rated in 

(a) kW (6) kVAR 

(c) kWh (d) kVA 

18.84. public sector undertaking is as¬ 

sociated with erection and sometimes 
running of thermal power plants 
(a) NTPC (6) SAIL 

(c) BEL (d) BHEL 

18.85. Most efficient plants are normally used 
as 

(а) peak load plants 

(б) base load plants 

(c) either (a) or (6) 

(d) none of the above 

18.86. For a diesel generating station the use¬ 
ful life is expected to be around 

(a) 15 to 20 years (6) 20 to 50 years 
(c) 50 to 75 years (d) 75 to 100 years 

18.87. WThich of the following is not a method 
for estimating depreciation charges ? 

(а) Sinking fund method 

(б) Straight line method 

(c) Diminishing value method 

(d) Halsey’s 50—50 formula 

18.88. The expected useful life of an hydro¬ 
electric power station is around 

(a) 15 years (6) 30 years 

(c) 60 years (d) 100 years 

18.89. In a load curve the highest point repre¬ 
sents 

(a) peak demand (6) average demand 
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(c) diversified demand 

(d) none of the above 

18.90. Which of the following source of power 
is least reliable ? 

(а) Solar energy 

(б) Geothermal power 

(c) Wind power ( d ) MHD 

18.91. In India production and distribution of 
electrical energy is confined to 

(a) private sector 

( b ) public sector 

(c) government sectors 

( d ) joint sector 

(e) none of the above 

18.92. A pilot exciter is provided on generators 
for which of the following reasons ? 

(а) To excite the poles of main exciter 

(б) To provide requisite starting torque 
to main exciter 

(c) To provide requisite starting torque 
to generator 

{d) None of the above 

18.93. The primary reason for low power fac¬ 
tor is supply system is due to installa¬ 
tion of 

(а) induction motors 

(б) synchronous motors 
(e) single phase motors 
(< d ) d.c. motors 

18.94. An over excited synchronous motor on 
no-load is known as 

(а) synchronous condenser 

(б) generator (c) induction motor 

(d) alternator 

18.95. Which of the following is an advantage 
of static capacitor for power factor im¬ 
provement ? 

(а) Little maintenance cost 

(б) Ease in installation 

(c) Low losses (d) All of the above 

18.96. For any type of consumer the ideal 
tariff is 

(a) two part tariff (6) three part tariff 
(c) block rate tariff (d) any of the above 

18.97. The efficiency of a plant is of least con¬ 
cern when it is selected as 

(a) peak load plant ( b ) casual run plant 
(c) either (a) or (b) (d) base load plant 


18.98. 


18.99. 


18.100. 


18.101. 


18.102. 


18.103. 


18.104. 


18.105. 


Power generation cost reduces as 

(а) diversity factor increases and load 
factor decreases 

(б) diversity factor decreases and load 
factor increases 

(c) both diversity factor as well as load 
factor decrease 

(d) both diversity factor as well as load 
factor increase 

The depreciation charges in diminish¬ 
ing value method are 

(а) light in early years 

(б) heavy in early years 

(c) heavy in later years 

(d) same in all years 

The area under daily load curve divided 

by 24 hours gives 

(a) average load (6) least load 

(c) peak demand 

( d ) total kWh generated 
Maximum demand tariff is generally 
not applied to domestic consumers be¬ 
cause 

(а) they consume less power 

(б) their load factor is low 

(c) their maximum demand is low 

( d ) none of the above 

A 130 MW generator is usually 
cooled 

(a) air (6) oxygen 

(c) nitrogen (d) hydrogen 

For cooling of large size generators 
hydrogen is used because 

(a) it is light 

(b) it offers reduced fire risk 

(c) it has high thermal conductivity 

(d) all of the above 

Major share of power produced in India 
is through 

(а) diesel power plants 

(б) hydroelectric power plants 

(c) thermal power plants 

(d) nuclear power plants 

Which of the following may not be the 
effect of low plant operating power fac¬ 
tor ? 

(a) Improved illumination from light¬ 
ing 
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(&fRe duced voltage level 

(c) Overloaded transformers 

(d) , Overloaded cables 

18.106* Which of the following plants is almost 
inevitably used as base load plant ? 

(а) Diesel engine plant 

(б) Gas turbine plant 
(c) Nuclear power plant 

t (d) Pumped storage plant 

18.107. Which of the following component, in a 
steam power plants needs maximum 
maintenance attention ? 

(a) Steam turbine (6) Condenser 

(c) Water treatment plant 

(d) Boiler 

18.108. For the same cylinder dimensions and 
speed, which of the following engine 
will produce least power ? 

(а) Supercharged engine 

(б) Diesel engine (c) Petrol engine 
(d) All of the above engines will equal 

power 

18.109. The least share of power is provided in 

India, by which of the following power 
plants ? ' 

(a) Diesel power plants 

(b) Thermal power plants 

(c) Hydro-electric power plants 

(d) Nuclear power plants 

18.110. Submarines for under water move¬ 
ment, are powered by which of the fol¬ 
lowing ? 

(a) Steam accumulators 

(b) Air motors 

(c) Diesel engines (d) Batteries 

18.111/ An alternator coupled to a.runs at 

slow speed, as compared to as com¬ 
pared to others. 

(а) diesel engine 

(б) hydraulic turbine 

(c) steam turbine (c) gas turbine 

18.112. The effect of electric shock on human 

body depends on which of the following 
(a) current (6) voltage 

(c) duration of contact . 

( d) all of the above 

18.113. Which lightening stroke is most 
dangerous ? 


18.114. 


18.115. 


18.116. 


18.117. 


18.118. 

18.119. 


18.120. 


18.121, 


(a) Direct stroke on line conductor 

(b) Indirect stroke on conductor 

(c) Direct stroke on tower top 

(d) Direct stroke on ground wire 
Which of the following devices may be 
used to provide protection against 
lightening over voltages ? 

(a) Horn gaps (6) Rod gaps 

(c) Surge absorbers 

(d) All of the above 

When the demand of consumers is not 
met by a power plant, it will resort to 
which of the following ? 

(a) Load shedding 

(b) Power factor improvemejit at the 
generators 

(c) Penalising high load consumers by 
increasing the charges for electri¬ 
city 

(d) Efficient plant operation 

Load shedding is possible through 
which of the following ? 

(а) Switching of the loads 

(б) Frequency reduction 

(c) Voltage reduction 

(d) Any of the above 

In power plants insurance cover ; s 
provided for which of the following ? 

(а) Unskilled workers only 

(б) Skilled workers only 

(c) Equipment only 

(d) All of the above 

A company can raise funds through 
(a) fixed deposits (6) shares 

(c) bonds (i d ) any of the above 

Which of the following are not repay¬ 
able after a stipulated period ? 

(a) Shares ' (6) Fixed deposits 

, (c) Cash certificates 

(d) Bonds 

The knowledge of diversity factor helps 
in determining * 

(a) plant capacity (6) average load 
(c) peak load (d) kWh generated 

(e) none of the above 
Load shedding is done to 

(а) improve power factor 

(б) run the equipment efficiently 
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(c) repair the machine 

( d ) reduce peak demand 

18.122. When a plant resorts to load shedding 
it can be concluted that 

(а) peak demand is more than the in¬ 
stalled capacity 

(б) daily load factor is unity 
(c) diversity factor is zero 

(< d) plant is under repairs 

18.123. Which of the following is the disad¬ 
vantage of static capacitor for power 
factor improvement ? 

(а) Easily damaged by high voltage 

(б) Cannot be repaired 

(c) Short service life 

(d) All of the above 


18.124. If the tariff for electrical energy char¬ 
ges provides incentive by way 0 f 
reduced charges for higher consump¬ 
tion, then it can be concluded that 

(а) load factor is unity 

(б) power is generated through hydro¬ 
electric plant 

(c) plant has sufficient reserve capacity 
(gO station has more than two gene¬ 
rators 

18.125. Anything having some heat value can 
be used as fuel in case of 

(а) open cycle gas turbines 

(б) closed cycle gas turbines 

(c) petrol engines 

(d) diesel engines 


B. Fill in the Blanks/Say TTes’ or ‘No’: 


18.126. 

18.127. 


18.128. 

18.129. 


18.130. 

18.131. 


18.132. 

18.133. 

18.134. 


The main purpose of design and opera¬ 
tion of the plant is to bring out the cost 

of energy produced to. 

The.load on any system, or part of 

a system, is the combined continuous 
rating of all the receiving apparatus on 
consumers premises, which is connected 
to the system, or part of the system 
under consideration. 

.is expressed in kW, kVA, A or other 

suitable units. 

The demand of an installation or sys¬ 
tem is the load drawn from the source 
of supply at the receiving terminals 
averaged over a suitable and specified 
interval of time. (Yes/N o) 

The . demand of an installation or 

system is the greatest of all the demands 
that have occured during a given period. 
Maximum demand or peak load is 
determined by measurement, accord¬ 
ing to specification, over a prescribed 


interval of time. (Yes/No) 

, maximum demand 

Demand factor =-:-:-. 

.load 

The ratio of average power to the maxi¬ 
mum demand is called.factor. 


The ratio of maximum demand of the 
system, a part of the system, to the total 
connected load of the system, or of the 


18.135. 

18.136. 

18.137. 

18.138. 

18.139. 

18.140. 

18.141. 

18.142. 


part of the system, under consideration 

is called.factor. 

. factor is the ratio of sum of in¬ 
dividual maximum demands to the maxi¬ 
mum demand of entire group. 

The utilization factor is the ratio of 
generator capacity to the maximum 
generator demand. (Yes/No) 

The ratio of actual energy produced in 
kWh to the maximum possible energy 
that could have been produced during 

that period is called plant.factor. 

Plant. factor is the ratio of energy 

produced in a given time to the 
maximum possible energy that could 
have been produced during the actual 
number of hours the plant was in 
operation. 

. load includes domestic lights, 

power needed for domestic appliances 
and small motors for pumping water. 

. load includes lighting for shops, 

advertisements and electrical applian¬ 
ces used in shops and restaurants etc. 

. load consists of load demand of 

various industries. 

. load consists of street lighting, 

power required for water supply and 
drainage purpose. 
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18.143., .. jl6 ad .includes electrical power 

needed for pumps driven by electric 
motors to supply water to fields. 

18.144 .load includes trains, cars, trolleys, 

buses and railways. 

18.145 .curve is a graphic record showing 

the power demands for every instant 
during a certain time interval. 

18.146. The area under the load curve rep¬ 

resents the energy generated in the 
period considered. (Yes/No) 

18.147. The area under the load curve divided 
by the total number of hours gives the 
.load on the power station. 

18.148. The peak load indicated by the load 

curve represents the.demand of the 

power station. 

18.149. Load curves give full information about 
the incoming load and help to decide 

the .capacity of the power station 

and to decide . sizes of various 

generating units. 

18.150. The . curves help to estimate the 

generating cost and to decide the operat¬ 
ing schedule of the power station. 

18.151. A.curve represents rearrangements 

of all the load elements of chronological 
load curve in order of descending mag¬ 
nitude. 

18.152. Load duration curve is derived from the 

chronological load curve. (Yes/No) 

18.153. The area under the load duration curve 
and the corresponding chronological 

load curve is . and represents the 

.energy delivered by the generating 

station. 

18.154. The term dump power is used in ther¬ 
mal plants. (Yes/No) 

18.155. Dump power is made available by. 

water. 

18.156. ...... power is the power which should 

always be available even under emer¬ 
gency conditions. 

18.157.power is the power that is always 

available for conversion into electric 
power. 


18.19 

18.158 .reserve is that reserve generating 

capacity which is not in operation but 
can be made available for service. 

18.159 .reserve is that reserve generating 

capacity which is in operation but not 
in service. 

18.160. ... ... reserve is that reserve generating 
capacity which is connected to the bus 
and is ready to take the load. 

18.161. The plant should be located where 

there are.and other important con¬ 
sumption places of. 

18.162. In any case, it has been seen that it is 
.to transmit electricity than to trans¬ 
port fuel. 

18.163. The power plant should be located. 

the fuel supply source. 

18.164. The best location is that for which. 

and.foundation is not required. 

18.165. The power plant.should be simple 

and rugged with pleasing appearance. 

18.166. Generally the plant building should be 
.storeyed. 

18.167. In any power plant . foundation 

plays an important part. 

18.168. ...is the difference between money 

borrowed and money returned. 

18.169. Amortization is the periodic repayment 
of principal as a uniform annual ex¬ 
pense. (Yes/No) 

18.170. ... accounts for the deterioration of 

the equipment and decrease in its value 
due to corrosion, weathering and wear 
and tear with use. 

18.171. In straight line method of calculating 
depreciation cost the rate of deprecia¬ 
tion is . throughout the life of the 

equipment. 

18.172.fund method is based on the con¬ 

ception that the annual uniform deduc¬ 
tion from income for depreciation will 
accumulate to the capital value of the 
plant at the end of life of the plant or" 
equipment. 

18.173. In.method (for calculating deprecia¬ 

tion cost) some factor is taken as a 
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standard one and depreciation is mea¬ 
sured by that standard. 

18.174. In a thermal station.is the heaviest 

item of operating cost. 

18.175. Plant. can be improved by the use 

of better quality of fuel or by employing 
better thermodynamic conditions in 
the plant design. 

18.176. The equipment prices are usually com¬ 

pared on the basis of price per unit of 
capacity, usually termed as. 

18.177. The unit price.as the capacity of the 

machine. 

18,178.are the different methods of charg¬ 

ing the consumers for consumption of 
electricity. 

18.179. Capacitor banks are installed to im¬ 
prove power factor. (Yes/No) 

18.180. In a generating station it is always 
desirable to have two or more units. 

(Yes/No) 

18.181. Running charges of a power plant are 

inversely proportional to kWh gene¬ 
rated. (Yes/No) 

18.182. Transmission lines also form a part of 
.cost of the plant. 

18.183. Fuel consumption depends on the in¬ 
stalled capacity of the plant. (Yes/No) 

18.184. Diversity factor is always less than one. 

(Yes/No) 

18.185. Single peak in the load curve means 

low load factor. , (Yes/No) 


ANSWERS 

(Economics of Power Generation) 
A. Choose the Correct Answer: 


18.1. (c) 

18.2. (6) 

18.3. (c) 

18.4. ( d) 

18.5. (a) 

18.6. (c) 

18.7. (a) 

18.8. (6) 

18.9. (6) 

18.10. (6) 

18.11. (e) 

18.12. (b) 

18.13. (c) 

18.14. (6) 

18.15. (6) 

18.16. (a) 

18.17. (b) 

18.18. (e) 

18.19. (a) 

18.20. ( d) 

18.21. (6) 

18.22. (c) 

18.23. ( d) 

18.24. ( d ) 

18.25. (d) 

18.26. (a) 

18.27. (a) 

18.28. (c) 

18.29. ( b ) 

18.30. (d) 

18.31. (d) 

18.32. (d) 

18.33. (c) 

18.34. (a) 

18.35. (a) 

18.36. (6) 

18.37. (d) 

18.38. (c) 

18.39. (c) 

18.40. (d) 

18.41. (b) 

18.42. ( b ) 

18.43. ( a ) 

18.44. ( b ) 

18.45. (c) 

18.46. (d) 

18.47. (a) 
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18.186.load factor can be expected in base 

load stations. 

18.187. Hopkinson demand rate tariff is three 

part tariff. (Yes/No) 

18.188. Among the operating costs of a plant 

fuel has the largest share. (Yes/No) 

18.189. Old units have generally high effi¬ 
ciency. (Yes/No) 

18.190. For plant operation unity power factor 

is the optimum. (Yes/No) 

18.191. Industrial plants generally have lead¬ 
ing power factor. (Yes/No) 

18.192. Salvage value of a plant is always zero. 

(Yes/No) 

18.193. Obsolescence is due to . advance¬ 

ments. 

18.194. While selecting units.rating of gen¬ 

erators is taken into account. 

18.195. Load curve of a power plant has always 

positive slope. (Yes/No) 

18.196. Induction motors have leading power 

factor. (Yes/No) 

18.197. High load factor can be expected in base 

load stations. (Yes/No) 

18.198. The value of the plant at the end of its 
useful life is known as salvage value. 

(Yes/No) 

18.199. Depreciation of a plant depends on the 

useful life of the plant. (Yes/No) 

18.200. Fuel consumption depends on the in¬ 
stalled capacity of the plant. (Yes/No) 
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18.51. (c) 

18.52. 

0 b) 

18.53. 

(d> 

18.54. 

(b) 

18.55. 

(c) 

18.56. (a) 

18.57. 

(b) 

18.58. 

(a) 

18.59. 

(d) 

18.60. 

(6) 

18.61. (a) 

18.62. 

(c) 

18.63. 

(c) 

18.64. 

(c) 

18.65. 

(d) 

18.66. (d) 

18.67. 

(d) 

18.68. 

(d) 

18.69. 

(d) 

18.70. 

(a) 

18.71. (c) 

18.72. 

(b) 

18.73. 

(d) 

18.74. 

(c) 

18.75. 

(c) 

18.76. (d) 

18.77. 

(c) 

18.78. 

(b) 

18.79. 

(d) 

18.8*0. 

(c) 

18.81. (a) 

18.82. 

(a) 

18.83. 

<d) 

18.84. 

(a) 

18.85. 

ib) 

18.86. (a) 

18.87. 

(d) 

18.88. 

(d) 

18.89. 

(a) 

18.90. 

(c) 

18.91. (6) 

18.92. 

(a) 

18.93. 

(a) 

18.94. 

(a) 

18.95. 

(d) 

18.96. (6) 

18.97. 

(c) 

18.98. 

(d) 

18.99. 

(6) 

18.100. 

(a) 

18.101. (c) 

18.102. 

(d) 

18.103. 

(d) 

18.104. 

(c) 

18.105. 

(a) 

18.106. (c) 

18.107. 

(d) 

18.108. 

(c) 

18.109. 

(a) 

18.110. 

(d) 

18.111. (b) 

18.112. 

(d) 

18.113. 

(a) 

18.114. 

(d) 

18.115. 

(a) 

18.116. (d) 

18.117. 

(d) 

18.118. 

(d) 

18.119. 

(a) 

18.120. 

(a) 

18.121. (d) 

18.122. 

(a) 

18.123. 

(d) 

18.124. 

(c) 

18.125. 

(6) 


B. Fill in the Blanks/Say ‘Yes 9 or ‘No’: 


18.126. minimum 
18.128. Demand 
18.130. maximum 
18.132. connected 
18.134. demand 
18.136. No 
18.138. use 
18.140. Commercial 
18.142. Municipal 
18.144. Traction 
18.146. Yes 
18.148. maximum 
18.150. load 
18.152. Yes 
18.154. No 
18.156. Firm 
18.158. Cold 
18.160. Spinning 
18.162. cheaper 
18.164. costly, special 
18.166. single 
18.168. Interest 


18.127. connected 

18.129. Yes 

18.131. Yes 

18.133. load 

18.135. Diversity 

18.137. capacity 

18.139. Residential 

18.141. Industrial 

18.143. Intrigation 

18.145. load 

18.147. average 

18.149. installed, economical 

18.151. load duration 

18.153. equal, total 

18.155. Surplus 

18.157. Prime 

18.159. hot 

18.161. industries, electricity 
18.163. nearer 
18.165. structure 
18.167. machine 
18.169. Yes 


18.170. Depreciation 18.171. uniform 

18.172. Sinking 18.173. unit 
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18.174. 

fuel 

18.175. 

heat rate 

18.176. 

unit price 

18.177. 

decreases, increases 

18.178. 

Tariffs 

18.179. 

Yes 

18.180. 

Yes 

18.181. 

No 

18.182. 

capital 

18.183. 

No 

18.184. 

No 

18.185. 

Yes 

18.186. 

High 

18.187. 

No 

18.188. 

Yes 

18.189. 

No 

18.190. 

Yes 

18.191. 

No 

18.192. 

No 

18.193. 

technological 

18.194. 

continuous 

18.195. 

No 

18.196. 

No 

18.197. 

Yes 

18.198. 

Yes 

18.199. 

No 

18.200. 

No. 




□ □ 
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Transmission and Distribution 

19.1. GENERAL ASPECTS 

Electrical energy is generated in large hydroelectric, thermal and nuclear power stations. 
These stations are mostly situated away from the load centres. Therefore an extensive power supply 
network is necessary between the generating plants and consumers' loads. 

By transmission and distribution of electric power is meant its conveyance from the central 
station where it is generated to the places where it is demanded by the consumers (like pumping 
stations, residential and commercial buildings, mills, factories etc.) 

— The maximum voltage in advanced countries is 33 kV while that in India is 11 kV. 

— The amount of power that has to be transmitted through transmission lines is very large 
and if this power is transmitted at 11 kV (or 33 kV) the line current and the power loss 
would be very large. Therefore this voltage is stepped up to a higher value by using step-up 
transformers located in sub-stations . 

— The transmission voltages in India are 400 kV, 220 kV and 132 kV. 

— The high voltage transmission lines transmit electrical power from the generating stations 
to main receiving end sub-stations. At these stations the voltage is stepped down to a 
lower value of 66 kV or 33 kV. 

— The secondary transmission system forms the link between the main receiving end 
sub-stations and secondary sub-stations. At the secondary sub-stations the voltage is 
stepped down to 33 kV or 11 kV and the power is fed into the primary distribution system. 

— The 33 kV or 11 kV distribution lines (usually known as feeders) emanate from the 
secondary sub-stations and terminate in distribution sub-stations. The distribution 
sub-stations consist of step-down transformers and are located at convenient places in the 
area in which the power is to be supplied. Sometimes these distribution sub-stations 
consist of pole mounted transformers located on the road side. These transformers step 
down the voltage to 400 V. 

— The 400 V distribution lines (usually known as distributors) are laid along the roads and 
service connections to consumers are tapped off from the distributors. 

— All transmission and distribution systems are 3-phase systems. 

— The transmission lines and feeders are 3-phase 3 wire circuits. 

— The distributors are 3-phase 4 wire circuits because a neutral wire is necessary to supply 
the single phase loads of domestic and commercial consumers. 

The transmission network is commonly known os 'grid'. 
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Fig. 19.1 shows a typical power supply network. 
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Fig. 19.1. A typical power supply network. 

19.2. OVERHEAD AND UNDERGROUND SYSTEMS 

Electric power may be transmitted by two methods : 

1. Oner head system 

2. Underground system. Its main advantage is that it is less prone to natural hazards like 
rain, wind, lightening and that it does not interfere with other amenities. However it is more costly 
as compared to an overhead system. 

Because of cost consideration the transmission systems in India, are generally overhead. For 
distribution also the use of undergi'ound cables is limited, to densely popu lated, areas. 


19.3. KELVIN’S LAW 


The statement of Kelvin’s law is as follows : 

“/ f variable part of annual cost on account of interest and. depreciation on the capital outlay is 
exjual to the annual cost of electrical energy wasted in the conductors , the total annual cost will be 
minimum and the corresponding size of the conductor will be most economical ” 


19.4. CONDUCTOR MATERIALS 


The conductor materials used for transmission and distribution of electrical power must have 
t he following characteristics : 


1. High conductivity 

3. Low cost 

5. Should not be brittle. 


2. High tensile strength 

4. Low specific gravity 
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The commonly used conductor materials are : 

(i) Copper (ii) Aluminium 

(in) Steel and steel cored aluminium (A.C.S.R.) 

(ir;) Galvanised steel conductors 

All conductors used for overhead lines are preferably stranded in order to increase the 
flexibility. 

19.5. OVERHEAD LINE INSULATORS 

Insulator materials 

1. Porcelain 2. Glass 

3. Steatite. 

Types of Insulators 

(i) Pin type insulators (ii) Suspension type insulators 

(iii) Strain insulators (iv) Shackle insulators 

0-0 Egg or stay insulators. 

String efficiency. The string efficiency is the ratio of spark over voltage for n insulators and 
n times the spark over voltage of one insulator, (where n is the total number of insulators in a string). 

The string efficiency is also given by the ratio of voltage across string and n times the voltage 
across single unit adjacent to line. 

19.6. CORONA 

When an alternating potential difference is applied across two conductors whose spacing is 
large as compared to their diameter, there is no apparent change in the condition of the atmospheric 
air surrounding the wires if voltage is low. However, when the potential difference is increased, then 
a point is reached when a faint luminous glow of bluish colour appears along the lengths of conductors 
and at the same time a hissing sound is heard. This bluish discharge is known as corona . Corona ; is 
alieays accompanied by the production of ozone which is readily detected because of its characteristic 
odour. 

Corona occurs when the electrostatic stress in the air around the conductors exceeds 30 kVA 
(maximum)/cm or 21.1 kV (r.m.s.)/cm. 

19.7. SKIN EFFECT 

Skin effect is that effect which does not allow equal distribution of current over the cross-sec¬ 
tion of the conductor in alternating current system. Since the total flux linking with the inner portion 
of the conductor is more than the outside portion of the conductor, the inductance of the inner portion 
is more than the outer portion of the conductor. Hence current flows with greater density at the outer 
surface of the conductor. Now this increase in current density in the outer layers results in a greater 
I 2 R loss for a given current and the effective resistance increases , 

At low frequency the skin effect is very small, but at high frequency it is very large. 

19.8. PROXIMITY EFFECT 

Proximity effect is also an effect of non-uniform current distribution in a conductor due to the 

effect of linkage of flux of another current carrying conductor placed nearby . More flux will link with 

the nearer half portion of the conductor and. thus an increase in the resistance of the conductor results. 
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19.9. CLASSIFICATION OF TRANSMISSION LINES 


The transmission lines are classified according to distance of transmission as follows : 

1. Short transmission line. Length less than 60 km and operating voltage less than 20 kV. 

2. Medium transmission line. Length between 60 and 150 km and line voltage between 20 
kV and 100 kV. 

3. Long transmission line. Length above 150 km and line voltage above 100 kV. 


19.10. REGULATION AND EFFICIENCY OF A TRANSMISSION LINE 


Regulation. Regulation is defined as the change in voltage at the receiving end when the full 
load is thrown off the sending end, voltage remaining constant . 


V s - V R 

Mathematically, percentage regulation = —^ -x 100 


V, 


where = voltage at sending end, and 

V R = voltage at receiving end. 

Efficiency. Efficiency of a transmission line is defined as the ratio of power received, to the 
power sent out. 

VrIr cos <J>/^ 

Mathematically, percent rj r = - - 

V s lS cos 4 )s 


-x 100 


where Vj>, I R and cos <\> R are the receiving end voltage, current and power factor while V Si Is and cos 
<p s are the sending end voltage, current and power factor. 

19.11. CLASSIFICATION CABLES 

1. Low voltage (L.T.) cables ... operating voltage upto 1 kV 

2. High voltage (H.T.) cables ... operating voltage upto 1.1. kV 

3. Super tension (S.T.) cables ... operating voltage upto 33 kV 

4. Extra high tension (E.H.T.) cables ... operating voltage upto 66 kV 

5. Extra super voltage power cables ... operating voltage beyond 132 kV. 

Insulation resistance of a single core sheathed cable 

Insulation resistance of a single core sheathed cable is given by: 




where 


R = insulation resistance ; 
p = resistivity of dielectric ; 
i'i = conductor radius ; and 
r 2 = sheath radius. 

The insulation resistance of a cable can be measured by the following two methods : 

1. Galvanometer method 

2. By meggar. 

19.12. SURGE IMPEDANCE OR NEUTRAL IMPEDANCE 

It is defined as Z r = VY/Z 
where Y = shunt admittance 

Z = senes impedance. Downloaded From : www.EasyEngineering.net 
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For lines having negligible resistance and no shunt leakage, 

z r = Vl7c 

The value of surge impedance : 

(i) For overhead line 400 to 600 Q 

(ii) For an undergi ound cable 4 to 60 Q. 

19.13. ji AND T-CIRCUIT OF LONG TRANSMISSION LINE 

For experimental model representation of long lines in the steady state at rated frequency 
and sometimes for computation of the receiving end and sending end quantities, it is convenient to 
use a lumped, constant system . That is why equivalents and T-circuit are developed. Those are called 
equivalent n and equivalent T-circuit. 

19.14. REQUIREMENTS OF GOOD DISTRIBUTION SYSTEM 

The important requirements of good distribution system are as follows : 

1. The declared consumer voltage will remain within ± 5% of the declared 

2. There will be no power failure. Even it exists, it should be as minimum 

3. The line w T ill not be overloaded. 

4. The insulation resistance of the whole system will be kept minimum to 
and probable danger to human life. 

5. The efficiency of the lines will be made as high as possible. 

- 6. The distribution system is to be made as economical as pbssible. 

19.15. SEQUENCE NETWORKS 

An unbalanced network system can be resolved into unbalanced networks with the help of 
symmetrical components. Those networks are termed sequence networks and are expressed as follows 


voltage, 
as possible. 

avoid any leakage 


1. Positive sequence network 2. Negative sequence network 

3. Zero sequence network. 


19.16. SHORT-CIRCUIT FACTOR OF THE BUS-BAR SYSTEM 


The short-circuit factor of the bus-bar system is the ratio of the short-circuit kVA with bus-bar 
reactance of n bus section system and the short-circuit kVA without bus-bar reactance. 


Mathematically, short-circuit factor = 


X + G 
nX+G 


where G = reactance of generator ; and 
X - reactance of reactor. 

19.17. METHODS OF EARTHING NEUTRAL POINT OF GENERATOR 


The different methods of earthing neutral point of generator are as follows : 
1. Solid earthing 2. Resistance earthing 

3. Reactance earthing 4. Peterson coil 

5. Voltage transformer earthing. 

Advantages of earthed neutral system 

1. Earth fault relays can be provided to isolate the faulty portion. 

2. Arcing ground can be avoided by using suitable protective gears. 
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3. Disturbance due to induced static charges may be avoided since those are conducted to 
earth immediately. 

4. The magnitude of the transient voltage is very small. 

5. The maintenance and operation expenses are less than isolated system. 

6. Earth neutral system, from safety point of view, is much better. 

19.18. FERRANTI EFFECT 

A long transmission line has considerable capacitance effect. The sending end voltage of the 
line under these conditions is lower than receiving end voltage. This is known as Ferrand effect . 

OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer : 

19.1. By which of the following systems 
electric power may be transmitted ? 

(a) Overhead system 

(b) Underground system 
(o) Both (a) and (6) 

(d) None of the above 

19.2. ... ... are the conductors, which connect 
the consumer’s terminals to the distri¬ 
bution 

(a) Distributors (6) Service mains 

(c) Feeders 

(d) None of the above 

19.3. The underground system cannot be 
operated above 

(a) 440 V (6) 11 kV 

(c) 33 kV (d) 66 kV 

19.4. Overhead system can be designed for 
operation upto 

(a) 11 kV (b) 33 kV 

(c) 66 kV (d) 400 kV 

19.5. If variable part of annual cost on account 
of interest and depreciation on the capi¬ 
tal outlay is equal to the annual cost of 
electrical energy wasted in the conduc¬ 
tors, the total annual cost will be mini¬ 
mum and the corresponding size of 
conductor will be most economical. This 
statement is known as 

(a) Kelvin’s law (6) Ohm’s law 
(c) Kirchhoffs law (d) Faraday’s law 
00 none of the above 

19.6. The wooden poles well impregnated 
with creosite oil or any preservative 
compound have life 


(а) from 2 to 5 years 

(б) 10 to 15 years 
(c) 25 to 30 years 
(d.) 60 to 70 years 

19.7. Which of the following materials is not 
used for transmission and distribution 
of electrical power ? 

(a) Copper (6) Aluminium 

(c) Steel (d) Tungsten 

19.8. Galvanised steel wire is generally used 


as 

(a) stay wire (b) earth wire 

(o) structural components 
(d.) all of the above 

19.9. The usual spans with R.C.C. poles are 

(a) 40—50 metres 

(b) 60—100 metres 

(c) 80—100 metres 

(d) 300—500 metres 

19.10. The corona is considerably affected by 
which of the following ? 

(a) Size of the conductor 

(b) Shape of the conductor 

(c) Surface condition of the conductor 

(d) All of the above 


19.11. 


19.12. 


Which of the following are the constants 
of the transmission lines ? 

(a) Resistance (6) Inductance 

(c) Capacitance ((/) All of the above 

%age regulation of a transmission line 
is given by 


(a) VB :.j^xlOO (b) YlLZ—H x 100 


Vi? 


Vii 
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19.13. 


19.14. 


19.15. 


19.16. 


19.17. 


19.18. 


19.19. 


(«) 


Vs - Vr 

Vs 


x 100 


(d) 


Vs-Vr 

Vr? 


x 100 


where V$ and are the voltages at the 
sending end and receiving end respecti¬ 
vely. 

The phenomenon of rise in voltage at 
the receiving end of the open-circuited 
or lightly loaded line is called the 
(a) Seeback effect (6) Ferranti effect 
(e) Raman effect 
(d) none of the above 
The square root of the ratio of line im¬ 
pedance and shunt admittance is called 
the 

(а) surge impedance of the line 

(б) conductance of the line 

(c) regulation of the line 

(d) none of the above 

Which of the following is the demerit of a 
‘constant voltage transmission system’ ? 

(а) Increase of short-circuit current of 
the system 

(б) Availability of steady voltage at. all 
loads at the line terminals 

(c) Possibility of better protection for 
the line due to possible use of higher 
terminal reactances 

(d) Improvement of power factor at 
times of moderate and heavy loads 

(f*) Possibility of carrying increased 
power for a given conductor size in 
case of long-distance heavy power 
transmission 

Low voltage cables are meant for use 
up to 

(a) 1.1 kV (b) 3.3 kV 

(e) 6.6 kV (d)llkV 

The operating voltage of high voltage 
cables is upto 

(a)l.lkV (b) 3.3 kV 

(c) 6:6 kV (</) 11 kV 

The operating voltage of supertension 
cables is upto 

(a) 3.3 kV (b) 6.6 kV 

(o) 11 kV (d) 33 kV 

The operating voltage of extra high ten¬ 
sion cables is upto 
(a) 6.6. kV (h) 11 kV 


(c) 33 kV (d) 66 kV 

(e) 132 kV 

19.20. Which of the following methods is used 
for laying of underground cables ? 

(a) Direct laying (6) Draw-in-system 
(c) Solid system (d) All of the above 

19.21. Which of the following is the source of 
heat generation in the cables ? 

(а) Dielectric losses in cable insulation 

(б) I 2 R losses in the conductor 

(c) Losses in the metallic sheathings 
and armourings 

(d) All of the above 

19.22. Due to which of the fo Ho wing reasons the 
cables should not be operated too hot ? 

(a) The oil may loose its viscosity and it 
may start drawing off from higher 
levels 

(b) Expansion of the oil may cause the 
sheath to burst- 

(e) Unequal expansion may create voids 
in the insulation which will lead to 
ionization 

(d) The thermal instability may rise 
due to the rapid increase of dielectric 
losses with temperature 
(f?) All of the above 

19.23. Which of the following D.C. distribu¬ 
tion system is the simplest and lowest 
in first cost ? 

(a) Radial system (6) Ring system 

(c) Inter-connected system 

(d) None of the above 

19.24. A booster is a 

(a) series wound generator 

(b) shunt wound generator 

(c) synchronous generator 
(c) none of the above 

19.25. Besides a method of trial and error, 
which of the following methods is em¬ 
ployed for solution of network problems 
in interconnected system ? 

(а) Circulatingcurrent method 

(б) Thevenin’s theorem 

(c) Superposition of currents 

(d) Direct application of Kirchhoffs 
laws 
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19.26. Which of the following faults is most 
likely to occur in cables ? 

(а) Cross or short-circuit fault 

(б) Open circuit fault 

(a) Breakdown of cable insulation 
(d) All of the above 

19.27. The cause of damage to the lead sheath 
of a cable is 

(a) crystallisation of the lead through 
vibration 

(b) chemical action on the lead when 
buried in the earth 

(c) mechanical damage 
{d) all of the above 

19.28. The voltage of the single phase supply 
to residential consumers is 

(a) 110 V (b) 210 V 

(0 230 V (d) 400 V 

19.29. Most of the high voltage transmission 
lines in India are 

(a) underground (6) overhead 
(c) either of the above 
(<:/) none of the above 

19.30. The distributors for residential areas 
are 

(а) single phase 

(б) three-phase three wire 

(c) three-phase four wire 

(d) none of the above 
The conductors of the overhead lines 


19.31. 


19.32. 


19.33. 


19.34. 


are 

(a) solid (6) stranded 

(c) both solid and stranded 

(d) none of the above 

High voltage transmission lines use 

(а) suspension insulators 

(б) pin insulators 

(c) both (a) and (6) 

(d) none of the above 
Multicore cables generally use 

(а) square conductors 

(б) circular conductors 

(c) rectangular conductors 

(d) sector-shaped conductors 

(e) none of the above 
Distribution lines in India generally 
use 

(a), wooden poles ( b ) R.C.C. poles 
(c) steel towers (d) none of the above 


19.35. The material commonly used for in¬ 
sulation in high voltage cables is 

(a) lead ' (6) paper 

(c) rubber (d) none of the above 

19.36. The loads on distributors systems are 
generally 

(a) balanced (6) unbalanced 

(c) either of the above 
{d) none of the above 

19.37. The power factor of industrial loads is 
generally 

(a) unity (6) lagging 

(c) leading (d) zero 

19.38. Overhead lines generally use 

(а) copper conductor 

(б) all aluminium conductors 

(c) A.C.S.R. conductors 

(d) none of these 


19.39. In transmission lines the cross-arms 
are made of 

(a) copper (6) wood 

(c) R.C.C. (d) steel 

19.40. The material generally used for armour 

of high voltage cables is 
(a) aluminium (b) steel 
(c) brass ( d ) copper 

19.41. Transmission line insulators are made 
of 

(a) glass (6) porcelain 

(c) iron {d) P.V.C. 

19.42. The material commonly used for sheaths 

of underground cables is 
(a) lead (6) rubber 

(c) copper ( d ) iron 

19.43. The minimum clearance between the 

ground and a 220 kV line is about 
(a) 4.3 m (6) 5.5 m 

(c) 7.0 m (d) 10.5 m 

19.44. The spacing between phase conductors 
of a 220 kV line is approximately equal 
to 

(a) 2 m ( b ) 3.5 m 

(c) 6 m {d) 8.5 m 

19.45. Large industrial consumers are sup¬ 

plied electrical energy at 
(a) 400 V (6) 11 kV 
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19.46. In a D.C. 3-wire distribution system, 
balancer fields are cross-connected in 
order to 

(а) boost the generated voltage 

(б) balance loads on both sides of the 
neutral 

(c) make both m achines run as unloaded 
motors 

(d) equalize voltages on the positive 
and negative outers 

19.47. In a D.C. 3-wire distributor using balan¬ 
cers and having unequal loads on the 
two sides 

(а) both balancers run as generators 

(б) both balancers run as motors 

(c) balancer connected to lightly- loaded 
side runs as a motor 

(d) balancer connected to heavily- loaded 
side runs as a motor 

19.48. Transmitted power remaining the 
same, if supply voltage of a D.C. 2-wire 
feeder is increased 100 percent, saving 
in copper is 

(a) 25 percent (6) 50 percent 

(c) 75 percent (d) 100 percent 

19.49. A uniformly-loaded D.C. distributor is 
fed at both ends with equal voltages. As 
compared to a similar distributor fed at 
one end only, the drop at the middle 
point is 

(a) one-fourth (6) one-third 

(c) one-half (d) twice 

(e) none of the above 

19.50. As compared to a 2-wire D.C. distributor, 
a 3-wire distributor with same maxi¬ 
mum voltage to earth uses only 

(а) 31.25 percent of copper 

(б) 33.3 percent of copper " 

(c) 66.7 percent of copper 
(i d) 125 percent of copper 

19.51. Which of the following is usually not 
the generating voltage ? 

(a) 6.6 kV (6) 8.8 kV 

(c) 11 kV (d) 13.2 kV 

19.52. For an overhead line, the surge im¬ 
pedance is taken as 

(a) 20—40 ohms ( b ) 70—80 ohms 


19.9 

(c) 100—200 ohms (d) 500—1000 ohms 

(e) none of the above 

19.53. The presence of ozone due to corona is 
harmful because it 

(а) reduces power factor 

(б) corrodes the material 

(c) gives odour 

(d) transfer energy to the ground 

(e) none of the above 

19.54. A feeder, in a transmission system, 
feeds power to 

(а) distributors 

(б) generating stations 

(c) service mains 

(d) all of the above 

19.55. The power transmitted will be maximum 
when 

(a) corona losses are minimum 

(b) reactance is high 

(c) sending end voltage is more 

(d) receiving end voltage is more 

19.56. A 3-phase 4 wire system is commonly 
used on 

(a) primary transmission 

(b) secondary transmission 

(c) primary distribution 

(d) secondary distribution 

19.57. Which of the following materials is 
used for overhead transmission lines ? 

(а) Steel cored aluminium 

(б) Galvanised steel 

(c) Cadmium copper 

(d) Any of the above 

19.58. Which of the following is not a consti¬ 

tuent for making porcelain insulators ? 
(a) Quartz ( b ) Kaolin 

(c) Felspar (d) Silica 

19.59. There is a greater possibility of occurence 
of corona during 

(a) dry weather ( b ) winter 

(c) summer heat (d) humid weather 

(e) none of the above 

19.60. Which of the following relays is used on 
long transmission lines ? 

(a) Impedance relay 

(b) Mho’s relay 

(c) Reactance relay 

(d) None of the above 
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19.61. 


19.62. 


19.63. 


19.64. 


19.65. 


19.66. 


19.67. 


19.68. 


19.69. 


19.70. 


The steel used in steel cored conductors 
is usually 

(a) alloy steel (6) stainless steel 
(c) mild steel ( d) high speed steel 

( e ) all of the above 

Which of the following distribution sys¬ 
tems is more reliable ? 

(a) Radial system (6) Tree system 

(c) Ring main system 

(d) All are equally reliable 

Which of the following characteristics 
should the line supports for transmis¬ 
sion lines possess ? 

(а) Low cost 

(б) High mechanical strength 

(c) Longer life (d) All of the above 
Transmission voltage of llkV is nor¬ 
mally used for distances upto 
(a) 20—25 km (6) 40—50 km 

(c) 60—70 km (d) 80—100 km 
Which of the following regulations is 
considered best ? 

(a) 50% (6) 20% 

(c) 10% (d) 2% 

Skin effect is proportional to 

(а) (conductor diameter) 4 

(б) (conductor diameter) 3 

(e) (conductor diameter) 2 

(d) (conductor diameter) 1/2 

(e) none of the above 

A conductor, due to sag between two 
supports, takes the form of 
(a) semi-circle (6) triangle 

(c) ellipse (d) catenary 

In A.C.S.R. conductors, the insulation 
between aluminium and steel conduc¬ 
tors is 

(a) insulin (6) bitumen 

(c) varnish 

(d) no insulation is required 

Which of the following bus-bar schemes 
has the lowest cost ? 

(a) Ring bus-bar scheme 

(b) Single bus-bar scheme 

(c) Breaker and a half scheme 

(d) Main and transfer scheme 
Owing to skin effect 

(a) current flows through the half 
cross-section of the conductor 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(6) portion of the conductor near the 
surface carries more current and 
core of the conductor carries less 
current 

(c) portion of the conductor near the 
surface carries less current and core 
of the conductor carries more cur¬ 
rent 

(d ) any of the above 

(e) none of the above 

19.71. By which of the following methods 
string efficiency can be improved ? 

(а) Using a guard ring 

(б) Grading the insulator 

(c) Using long cross arm 

(d) Any of the above 

( e ) None of the above 

19.72. In aluminium conductors, steel core is 
provided to 

(а) compensate for skin effect 

(б) neutralise proximity effect 

(c) reduce line inductance 

(d) increase the tensile strength 

19.73. By which of the following a bus-bar is 
rated ? 

(a) Current only 

(b) Current and voltage 

(c) Current, voltage and frequency 

( d ) Current, voltage, frequency and 
short time current 

19.74. A circuit is disconnected by isolators 

^ >> 

when 

(а) line is energized 

(б) there is no current in the line 

(c) line is on full load 

(d) circuit breaker is not open 

19.75. For which of the following equipment 
current rating is not necessary ? 

(а) Circuit breakers 

(б) Isolators 

(c) Load break switch 
{d) Circuit breakers and load break 
switches 

19.76. In a substation the following equip¬ 
ment is not installed 

(a) exciters ( b) series capacitors 

(c) shunt reactoi 


ta i a (A voltage transform 
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19.77. JCorona usually occurs when the electro¬ 
static stress in air around the conduc¬ 
tor exceeds 

(a) 6.6 kV (r.m.s. value)/cm 
(6ElEkV (r.m.s. value)/cm 

(c) 22 kV (maximum value)/cm 

(d) 30 kV (maximum value)/cm 

19.78. The voltage drop, for constant voltage 
transmission is compensated by in¬ 
stalling 

(a) inductors (6) capacitors 

(c) synchronous motors 
{d) all of above 

(e) none of the above 

19.79. The use of strain type insulators is 
made where the conductors are 

(а) dead ended 

(б) at intermediate anchor towers 

(c) any of the above 

(d) none of the above 

19.80. The current drawn by the line due to 
corona losses is 

(a) non-sinusoidal ( b ) sinusoidal 
(c) triangular (d) square 

19.81. Pin type insulators are generally not 
used for voltages beyond 

(a) lkV (6) 11 kV 

(c) 22 kV {d) 33 kV 

19.82. Aluminium has a specific gravity of 

(a) 1.5 (6) 2.7 

(c) 4.2 (d) 7.8 

19.83. For transmission of power over a distance 
of 200 km, the transmission voltage 
should be 

(a) 132 kV ( b) 66 kV 

(c) 33 kV (d) 11 kV 

19.84. For aluminium, as compared to copper, 
all the following factors have higher 
values except 

(а) specific volume 

(б) electrical conductivity 

(c) co-efficient of linear expansion 

( d ) resistance per unit length for same 
cross-section 

19.85. Which of the following equipment, for 
regulating the voltage in distribution 
feeder, will be most economical ? 

(a) Static condenser 


19.11 

(6) Synchronous condenser 

(c) Tap changing transformer 

(d) Booster transformer 

19.86. In a tap changing transformer, the tap¬ 
pings are provided on 

(а) primary winding 

(б) secondary winding 

(c) high voltage winding 

(d) any of the above 

19.87. Constant voltage transmission entails 
the following disadvantage 

(а) large conductor area is required for 
same power transmission 

(б) short-circuit current of the system 
is increased 

(c) either of the above 

(d) none of the above 

19.88. On which of the following factors skin 
effect depends ? 

(а) Frequency of the current 

(б) Size of the conductor 

(c) Resistivity of the conductor material 
{d) All of the above 

19.89. The effect of corona can be detected by 

(a) presence of zone detected by odour 

(b) hissing sound 

(c) faint luminous glow of bluish colour 

(d) all of the above 

19.90. For transmission of power over a dis¬ 
tance of 500 km, the transmission volt¬ 
age should be in the range 

(a) 150 to 220 kV (6) 100 to 120 kV 
(c) 60 to 100 kV (d) 20 to 50 kV 

19.91. In the analysis of which of the following 
lines shunt capacitance is neglected ? 

(а) Short transmission lines 

(б) Medium transmission lines 

(c) Long transmission lines 

(d) Medium as well as long transmission 
lines 

19.92. When the interconnector between two 
stations has large reactance 

(a) the transfer of power will take place 
with voltage fluctuation and noise 

(5) the transfer of power will take place 
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19.93. 


19.94. 


19,95. 


19.96. 


19.97. 


19.98. 


19.99. 


(c) the stations will fall out of step be¬ 
cause of large angular displacement 
between the stations 

(d) none of the above 

The frequency of voltage generated, in 
case of generators, can be increased by 

(а) using reactors 

(б) increasing the load 

(e) adjusting the governor 

(d) reducing the terminal voltage 

(e) none of the above 

When an alternator connected to the 
bus-bar is.shut down the bus-bar volt¬ 
age will 

(a) fall ( b ) rise 

(.;) remain unchanged 

((/) none of the above 

The angular displacement between two 

interconnected stations is mainly due 

to 

(a) armature reactance of both alter¬ 
nators 

{b) reactance of the interconnector 
(o) synchronous reactance of both the 
alternators 
(d) all of the above 

Electro-mechanical voltage regulators 
are generally used in 
(a) reactors (b) generators 

(c) transformers (d) all of the above 

Series capacitors on transmission lines 
are of little use when the load VAR 
requirement is 

(a) large (6) small 

(b) fluctuating (d) any of the above 

The voltage regulation in magnetic 
amplifier type voltage regulator is 
effected by 

(a) electromagnetic induction 

(b) varying the resistance 

(c) varying the reactance 
{d) variable transformer 

When a conductor carries more current 
on the surface as compared to core, it is 
due to 

(a) permeability variation 

(b) corona 

(c) skin effect 


(d) unsymmetrical fault 

(e) none of the above 

19.100. The following system is not generally 
used 

(a) 1-pjhase 3 wire (6) 1-phase 4 wire 
(c) 3-phase 3 wire (d) 3-phase 4 wire 

19.101. The skin effect of a conductor will 
reduce as the 

(a) resistivity of conductor material in¬ 
creases 

(b) permeability of conductor material 
increases 

(c) diameter increases 

(d) frequency increases 

19.102. When a live conductor of public electric 
supply breaks down and touches the 
earth which of the following will 
happen ? 

(a) Current will flow to earth 

(b) Supply voltage will drop 

(c) Supply voltage will increase 

(d) No current will flow in the con¬ 
ductor 

( e ) None of the above 

19.103. 310 km line is considered as 

(a) a long line (6) a medium line 

(c) a short line {d) any of the above 

19.104. The conductors are bundled primarily 
to 

(a) increase reactance 
C b ) reduce reactance 

(c) reduce radio interference 

(d) none of the above 

19.105. The surge impedance in a transmission 
line having negligible resistance is 
given as 

(a) Vlc ( b ) VL7q 

(e) Vl/LC (d) VL + C 

(e) none of the above 


19.106. The top most conductor in a high trans¬ 
mission line is 

(a) earth conductor 

( b ) /?-phase conductor 

(c) Y-phase conductor 

(d) B -phase conductor 


19.107. In A.C.S.R. conductor the function of 
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(а) provide additional mechanical 
strength 

(б) prevent corona 

(c) take care of surges 

(d) reduce inductance and subsequently 
improve power factor 

19.108. In transmission and distribution sys¬ 
tem the permissible voltage variation 
is 

(a) percent (b) ± 10 percent 
(c)-± 20 percent (d) ± 30 percent 

(e) ~non e-o£the above^ 

19.109. By which of the following methods volt¬ 
age of transmission can be regulated ? 

(а) Use of series capacitors to neutralise 
the effect of series reactance 

(б) Switching in shunt capacitors at the 
receiving end during heavy loads 

(c) Use of tap changing transformers 

(d) Any of the above methods 

19.110 Which of the folio wing distribution sys¬ 
tems is the most economical ? 

(а) A.C. 1-phase system 

(б) A.C. 3-phase 3 wire system 

(c) A.C. 3-phase 4 wire system 

(d) Direct current system 

19.111. Which of the following is the main ad¬ 
vantage of A.C. transmission system 
over D.C. transmission system ? 

(а) Less instability problem 

(б) Less insulation problems 
(c) Easy transformation 

{d) Less losses in transmission over 
long distances 

19.112. A tap changing transformer is used to 

(a) supply low voltage current for in¬ 
struments 

( b ) step up the voltage 

(c) step down the voltage 

(d) step up as well as step down the 
voltage 

(e) none of the above 

19.113. Which of the following bar schemes is 
the most expensive ? 

(а) Double bus-bar double breaker 

(б) Ring bus-bar scheme 

(c) Single bus-bar scheme 

(d) Main and transfer scheme 


19.114. 


19.115. 


19.116. 


19.117. 


19.118. 


19.119. 


By which of the following methods the 
protection against direct lightning 
strokes and high voltage sweep waves 
is provided ? 

(а) Lightening arresters 

(б) Ground wire 

(c) Lightening arresters and ground 
wires 

(d) Earthing of neutral 

(e) None of the above 

In which of the following voltage 
regulators the effect of dead zero is 
found ? 

(a) Electromagnetic type 

(b) Magnetic amplifier 

(c) Electronic type using integrated 
circuits 

(d) All of the aboVe 
Corona results i;h 

(a) radio interference 

(b) power factor improvement 

(c) better regulation 

(d) none of the above 

Which of the following has least effect 
on corona ? 

(a) Atmospheric temperature - 

(b) Number of ions 

(c) Size and charge per ion 

(d) Mean free path 

In context of corona, if the conductors 
are polished and smooth, which of the 
following statements is correct ? 

(a) Hissing sound will be more intense 

(b) Power loss will be least 

(c) Corona glow will be uniform along 
the leiigth of the conductor 

(d) Corona glow will not occur 
Power loss due to corona is not directly 
proportional to 

(a) spacing between conductors 

(b) supply voltage frequency 

(c) phase-neutral voltage 

(d) all of the above 


19.120. Poles which carry transformers ar 
usually 

(a) circular (b) /-type 

(c) A-type ( d) H-type 

^ . (e) none of the above . 
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19.121. Out of the following which type of poles 
are bulky ? 

(а) Transmission towers 

(б) Concrete poles 

(c) Tubular steel poles 

(d) Wooden poles 

19.122. The effect of ice on transmission line 
conductors is to increase the 

(a) transmission losses 
. (6) weight of the conductor 

(c) tendency for corona 
{d) resistance to flow of current 

19.123. If the height of transmission tower is 
increased 

(a) the line capacitance will decrease 
but line inductance will remain un¬ 
changed 

(b) the line capacitance and inductance 
will not change 

(c) the line capacitance will increase 
but line inductance will decrease 

(d) the line capacitance will decrease 
and line inductance will increase 

19.124. If string efficiency is 100 percent it 
means that 

(а) potential across each disc is zero 

(б) potential across each disc is same 

(c) one of the insulator discs is shorted 

(d) none of the above 

19.125. In a 70/6 A.C.S.R. conductor there are 

(a) 35 aluminium conductors and 3 steel 
conductors 

(b) 70 aluminium conductors and 6 steel 
conductors 

(e) 70 steel conductors and 6 aluminium 
conductors 

(d) none of the above 

19.126. On which of the following does the size 
of a feeder depend ? 

(a) Voltage drop (6) Voltage 

(c) Frequency 

{d) Current carrying capacity 

19.127. Which of the following are connected by 
the service mains ? 

(a) Transformer and earth 

(b) Distributor and relay system 

(rr) Distributor and consumer terminals 
Id) Distributor and transformer 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

19.128. In the design of a distributor which of 
the following is the major considera¬ 
tion ? 

(а) Voltage drop 

(б) Current carrying capacity 

(c) Frequency 

(d.) kVA of system 

(e) None of the above 

19.129. In a distribution system major cost is 
that of 

(а) earthing system 

(б) distribution transformer 

(e) conductors (d) meters 

19.130. A booser is connected in 

(а) parallel with earth connection 

(б) parallel with the feeder 

(c) series with the feeder 

(d) series with earth connection 

19.131. With which of the following are step-up 
substations associated ? 

(a) Concentrated load 

(b) Consumer location 

(c) Distributors 

(d) Generating stations 

(e) None of the above 

19.132. Which of the following equipment should 
be installed by the consumers having 
low power factor ? 

(a) Synchronous condensers 

(b) Capacitor bank 

(c) Tap changing transformer 
(d.) Any of the above 

(e) None of the above 

19.133. Which of the following equipment is 
used to limit short-circuit current level 
in a substation ? 

(a) Isolator f (6) Lightning switch 

(c) Coupling capacitor 
' (d) Series reactor 

19.134. Steepness of the travelling waves is 

alternated by.of the line 

(a) capacitance (b) inductance 

(c) resistance {d) all of the above 

19.135. The limit of distance of transmission 
line may be increased by the use of 

(а) series resistances 

(б) shunt capacitors and series reac- 
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(<?) series capacitors and shunt reac¬ 
tors 

(d) synchronous condensers 

(e) none of the above 

19.136. By which of the following factors is the 
sag of a transmission line least af¬ 
fected ? 

(а) Current through the conductor 

(б) Ice deposited on the conductor 

(c) Self weight of conductor 

(d) Temperature of surrounding air 

(e) None of the above 

19.137. Which of the following cause transient 
disturbances ? 

(a) Faults (b) Load variations 

(c) Switching operations 

(d) Any of the above 

19.138. A gay wire 

(а) protects conductors against short- 
circuiting 

(б) provides emergency earth route 

(c) provides protection against surges 

(d) supports the pole 

19.139. Which of the following is neglected in 
the analysis of short transmission lines ? 

(a) Series impedance 

(■ b ) Shunt admittance 

(c) I^R loss 

(d) None of the above 

(e) All of the above 

19.140. Basically the boosters are 

(a) synchronous motors 

(b) capacitors 

(c) inductors (d) transformers 

19.141. Which of the following is a static 
exciter ? 

(a) Rectifier (6) Rotorol 

(c) Amplidyne 

(d) D.C. separately excited generator 

19.142. For exact compensation of voltage drop 
in the feeder the booster 

(a) must be earthed 

(b) must work on lihe voltage 

(o) must work on linear portion of its 
V-I characteristics 

(d) must work on non-linear portion of 
its V-I characteristics 

19.143. The purpose of using a booster is to 
(a) increase current 


(b) reduce current 

(c) reduce voltage drop 

(d) compensate for voltage drop 

(e) none of the above 

19.144. Induction regulators are used for volt¬ 
age control in 

(a) alternators 

(b) primary distribution 

( c ) secondary distribution 

(d) none of the above 

19.145. A synchronous condenser is generally 

installed at the.of the transmission 

line 

(a) receiving end (6) sending end 

(c) middle 

(d) none of the above 

19.146. The area of cross-section of the neutral 

in a 3-wire D.C. system is generally. 

the area of cross-section of main con¬ 
ductor 

(а) same as (6) one-fourth 

(б) one half ( d ) double 

19.147. For which of the following, the ex¬ 
citation control method is satisfac¬ 
tory ? 

(а) Low voltage lines 

(б) High voltage lines 

(c) Short lines (d) Long lines 

19.148. In which of the following cases shunt 
capacitance is negligible ? 

(а) Short transmission lines 

(б) Medium transmission lines 
(i c ) Long transmission lines 

(d) All transmission lines 

19.149. A lightning arrester is usually located 
nearer to 

(a) transformer (6) isolator 

(c) busbar (d) circuit breaker 

(e) none of the above 

19.150. The material used for the manufacture 
of grounding wires is 

(a) cast iron ( b ) aluminium 

(c) stainless steel (d) galvanised steel 

19.151. Surge absorbers protect against . 

oscillations 

(а) high voltage high frequency 

(б) high voltage low frequency 

(c) low voltage high frequency 

(d) low voltage low frequency 


Downloaded From : www.EasyEngineering.net 





Downloaded From : www.EasyEngineering.net 


19.16 


ELECTRICAL ENGINEERING (OBJECTIVE 
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19.152. 


19.153. 


19.154. 


19.155. 


19.156, 


19.157. 


19.158. 


19.159. 


Skin effect is noticeable only at . 

frequencies 

(a) audio (b) low 

(c) high {d) all 

Power system stability is least affected 

by 

(а) reactance of generator 

(б) input torque 

(c) losses 

(d) reactance of transmission line 
When the load at the receiving end of a 
long transmission line is removed, the 
sending end voltage is less than the 
receiving end voltage. This effect is 
known as 

(a) Ferranti effect (6) Proximity effect 
(c) Kelvin effect (d) Faraday effect 

(e) Skin effect 

In medium transmission lines the shunt 
capacitance is taken into account in 
(a) T-method ( b ) Ji-method 

(c) steinmetz method 

(d) all of the above 

System grounding is done so that 

(а) inductive interference between power 
and communication circuits can be 
controlled 

(б) the floating potential on the lower 
voltage winding for a transformer is 
brought down to an insignificant 
value 

(c) the arcing faults to earth would not 
set up dangerously high voltage on 
healthy phases 

(d) for all above reasons 

Which of the following can be used for 
bus-bars ? 

(a) Tubes (6) Rods 

(c) Bars ( d ) Any of the above 

If the height of transmission tower is 
increased, which of the following para¬ 
meters is likely to change ? 

(a) Capacitance (b) Inductance 

(c) Resistance (of) All of the above 

(i e ) None of the above 
A.C.S.R. conductor having 7 steel stands 
surrounded by 25 aluminium conduc¬ 
tors will be specified as 


(a) 25/7 (b) 50/15 

(c) 7/25 (d) 15/50 

19.160. Impedance relay is used on.trans¬ 

mission lines 

(a) short (6) medium 

(c) long (d) all 

19.161. Corona is likely to occur maximum in 

(a) transmission lines 

(b) distribution lines 

(c) domestic wiring 

(d) all of the above 

19.162. The effect of wind pressure is more 
predominant on 

(a) supporting towers 

(b) neutral wires 

(e) transmission lines 
(d) insulators 

19.163. As compared to cables, the disadvantage 
of transmission lines is 

(а) inductive interference between 
power and communication circuits 

(б) exposure to lightning 

(c) exposure to atmospheric hazards 
like smoke, ice, etc. 

(d) all of the above 

19.164. In overhead transmission lines the ef¬ 
fect of capacitance can be neglected 
when the length of line is less than 

(a) 80 km (b) 110 km 

(c) 150 km {d) 210 km 

19.165. The effective resistance of a conductor 
will be the same as ‘ohmic resistance’ 
when 

(а) power factor is unity 

(б) current is uniformly distributed in 
the conductor cross-section 

(e) voltage is low 

(d) current is in true sine wave form 

19.166. Conductors for high voltage transmis¬ 
sion lines are suspended from towers 
to 

(a) increase clearance from ground 

(b) reduce clearance from ground 

(c) take care of extension in length 
during summer 

(d) reduce wind and snow loads 

(e) none of the above 
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19.167. To increase the capacity of a transmis¬ 
sion line for transmitting power which 
of the following must be decreased ? 

(d) Capacitance ( b) Line inductance 

(e) Voltage (d) All of the above 

19.168. By using bundled conductors which of 
the following is reduced ? 

(а) Power loss due to corona 

(б) Capacitance of the circuit 

(c) Inductance of the circuit 

(d) None of the above 

(e) All of the above 

19.169. Which of the following short-circuits is 
most dangerous ? 

(a) Dead short-circuit 

(b) Line to ground short-circuit 

(c) Line to line short-circuit 

(d) Line to line and ground short-cir¬ 
cuit 

(e) All of the above 

19.170. Due to which of the following reasons 
aluminium is being favoured as bus¬ 
bar material ? 

(a) Low density (6) Low cost 

(c) Ease of fabrication 

(d) None of the above 

19.171. In case of transmission line conductors 
with the increase in atmospheric tempe¬ 
rature 

(а) length decreases but stress increases 

(б) length increases but stress decreases 

(c) both the length and stress increase 

(d) both the length and stress decrease 

19.172. Skin effect exists only in 

(a) a.c. transmission 

(b) high voltage d.c. overhead trans¬ 
mission 

(c) low voltage d.c. overhead transmis¬ 
sion 

(d) cables carrying d.c. current 

19.173. Floating neutral, in 3-phase supply, is 
undesirable because it causes 

(a) low voltage across the load 

(b) high voltage across the load 

(c) unequal line voltages across the 
load 

(d) none of the above 


19.174. 

19.175. 


19.176. 


19.177. 


19.178. 


19.179. 


19.180. 


19.181. 


The surge resistance of cables is 
(a) 20 ohms (b) 50 ohms 

(c) 200 ohms * (d) 300 ohms 
The electrostatic stress in underground 
cables is 

(а) zero at the conductor as well as on 
the sheath 

(б) same at the conductor and sheath 
(c) minimum at the conductor and 

minimum at the sheath 
{d) maximum at the conductor and 
minimum at the sheath 
The ground ring transmission lines are 
used to 

(a) reduce the transmission losses 

(b) reduce the earth capacitance of the 
lowest unit 

(c) increase the earth capacitance of 
the lowest unit 

(d) none of the above 

The string efficiency of an insulator can 
be increased by 

(a) correct grading of insulators of 
various capacitances 

( b ) reducing the number of strings 

(c) increasing the number of strings in 
the insulator 

(d) none of the above 

High voltages for transmitting power is 

economically available from 

(a) d.c. currents (6) a.c. currents 

(c) carrier currents 

(d) none of the above 

High voltage is primarily used, for long 
distance power transmission, to 

(а) reduce the time of transmission 

(б) reduce the transmission losses 

(c) make the system reliable 

(d) none of the above 

By using bundle conductors, the critical 
voltage for the formation of corona will 
(a) remain same ( b ) decrease 
(c) increase (d) not occur 

If the voltage is increased x times, the 
size of the conductor would be 
(a) reduced to 1/x 2 times 
{b) reduced to 1/x times 
(c) increased x times 
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(d) increased to x l times 

(e) none of the above 

19.182. The colour of the neutral of three-core 
flexible cable is 

(a) blue (6) brown 

(c) red ( d ) black 

19.183. In the cables sheaths are used to 

(а) prevent the moisture from entering 
the cable 

(б) provide strength to the cable 
(c) provide proper insulation 
id) none of the above 

19.184. The charging current in the cables 

(a) leads the voltage by 180° 

(b) leads the voltage by 90° 

(c) lags the voltage by 90° 

(d) lags the voltage by 180° 

19.185. Ground wire is used to 

(а) avoid overloading 

(б) give the support to the tower 

(c) give good regulation 

(d) connect a circuit conductor or other 
device to an earth-plate 

19.186. Earthing is necessary to give protection 
against 

(a) danger of electric shock 

(b) voltage fluctuation 

(c) overloading 

B. Fill in the Blanks/Say Tes’ or ‘No’: 

19.191. In an overhead system, the number of 

cross-arms carried by a pole depends on 
the number of.it has to carry. 

19.192. Poles which are made of wood rein¬ 
forced concrete or steel are used upto 

.kV whereas steel towers are used 

for higher voltages. 

19.193.voltage can be efficiently and con¬ 

veniently raised or lowered for economic 
transmission and distribution of electric 
power respectively. 

19.194. The electrical supply system may be 

compared to a tree, the roots of which 
represent the . equipment, supply¬ 

ing nourishment to all parts of the tree. 

19.195. Generation voltages are 3.3 kV, 6.6 kV, 

11 kV or 33 kV, most usual value adopted 
in practice is.kV. 


(d) high temperature of the conductors 

19.187. Resistance grounding is used for volt¬ 
age Between 

(а) kV 

(б) 11 kV to 33 kV 
(c) 33 kV to 66 kV 

(( d ) none of the above 

19.188. Solid grounding is adopted for voltages 
below 

(a) 100 V (b) 200 V 

(c) 400 V (d) 660 V 

19.189. The size of the earth wire is determined 
by 

(a) the atmospheric conditions 
. ( b ) the voltage of the service wires 

(c) the ampere capacity of the service 
wires 

(d) none of the above 

19.190. Transmission lines link 

(а) generating station to receiving end 
station 

(б) receiving end station to distribution 
transformer 

(c) distribution transformer to com 
sumer premises 

(d) service points to consumer premises 

( e) none of the above 

19.196. For secondary distribution usable volt¬ 
age is.V. 

19.197. ... ... are the conductors, which connect 
the consumer’s terminals to the dis¬ 
tributor. 

19.198. Feeders are the conductors which con¬ 

nect the stations to the areas, to be fed 
by those stations. (Yes/No) 

19.199. are the conductors from which 

numerous tappings for the supply to 
the consumers are taken. 

19.200. In case of overhead lines spacing bet¬ 

ween the conductors is to be kept more 
in order to provide adequate insulation 
and to avoid.loss. 

19.201. Distribution by A.C. system is undoub¬ 
tedly superior to that by D.C. system as 
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19.202. 

19.203. 

19.204. 

19.205. 

19.206. 

19.207. 

19.208. 

19.209. 

19.210. 

19.211. 

19.212. 

19.213. 

19.214. 

19.215. 

19.216. 

19.217. 

19.218. 


in A.C. system voltage control is easy 
by means of. 

.system is more safer than.sys¬ 
tem. 

Underground system is less expensive. 

(Yes/No.) 

Underground system cannot be operated 
above 66 kV. (Yes/No) 

The chances of accidents in under¬ 
ground system are very high as com¬ 
pared to overhead system. (Yes/No) 
Maintenance cost of underground sys¬ 
tem is very. in comparison to with 

that of overhead system. 

In underground system there is no in¬ 
terference to communication circuits. 

(Yes/No) 

Mostly the high voltage transmission is 
carried out by overhead system due to 


. system is more flexible than . 

system. 

All conductors used for overhead lines 

are preferably.in order to increase 

the flexibility. 

Hard drawn copper conductor is the 

best conductor owing to its high . 

and great tensile strength for all type 
of transmission. 

The conductivity of aluminium is . 

percent that of copper. 

.conductor consists of a core of gal¬ 
vanised steed strand surrounded by a 
number of aluminium strands. 
Galvanised iron and steel conductors 
have been used for extremely long 
spans. (Yes/No) 

Copper clad steel conductors are well 
suited for very long spans. (Yes/No) 

The difference in level between the 
points of supports and the lowest point 
is known as. 

Sag is.preportional to the square of 

the span length. 

.chart is helpful in knowing the sag 

and tension at any temperature. 


19.219. The material employed for. should 

not be porous and there should be no 
effect of change in temperature. 

19.220.is extensively used material (for 

insulators) and is produced by firing at 
a controlled temperature a mixture of 
Kaolin, felspar and quartz. 

19.221. Glass insulator can be used upto . 

kV under ordinary atmospheric condi¬ 
tions and well up to . kV in dry 

atmosphere. 

19.222. The suspension insulator hang from 

the cross arm, as opposed to the . 

insulator which sits on the top of it. 

19.223.type insulators give more flexibility 

to the line and mechanical stresses are 
reduced in this arrangement. 

19.224. Egg or stay insulators are used in guy 

cables. (Yes/No) 

19.225. The corona decreases with the . in 

diameter of conductor. 

19.226. A. conductor gives rise to more 

corona than a solid conductor. 

19.227. If the spacing between the conductors 

is made very . as compared with 

their diameters, there may not be any 
corona effect. 

19.228. Line voltage largely affects the corona. 

(Yes/No) 

19.229. At.voltage, there is no corona effect. 

19.230. Due to corona, the probability of flash 

over is. 

19.231. The transmission lines are basically 

electrical circuits having.constants. 

19.232. At . frequencies the skin effect is 

very small. 

19.233. The proximity effect results in uniform 

distribution of current in the cross-sec¬ 
tion of a conductor. (Yes/No) 

19.234. Any two conductors separated by an 

insulating medium constitute a. 

19.235. The transposition of conductors in¬ 

creases the disturbances to the nearby 
communication circuits. (Yes/No) i 

19.236. The regulation of a transmission line, 
for any given load power factor, can be 
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graphically determined by.regula¬ 

tion diagram. 

19.237. The phenomenon of rise in voltage at 
the receiving end of the open-circuited 

or lightly loaded line is called the. 

effect. 

19.238. The load of unity power factor that can 

be delivered by the line of negligible 
resistance is called.impedance load¬ 

ing. 

19.239. The operating voltage of extra super 
voltage power cables is beyond 132 kV. 

(Yes/No) 

19.240. The insulation resistance of a cable can 

be measured by.method and by. 

19.241. The energy losses occuring in the 

dielectric of cables are due to leakage 
and so called dielectric. 

19.242. The dielectric losses are.to square 

of the voltage. 

19.243. The sheath loss in open-circuited sheath 
is about 10% of the total loss. (Yes/No) 



ELECTRICAL ENGINEERING (OBJECTIVE TYPEjf ^ 

19.244. When two or more generating stations 

are connected together, the system is 
known as.system. 

19.245. When the two ends of a distributor fed 

at equal voltages brought together, 
then such distributor is known as. 

19.246. A distributor arranged to form a closed 

circuit and fed at one or more than one 
point is called the.distributor. 

19.247. A .... .. is a series wound generator, 
which is inserted into a circuit to add 
or inject a certain voltage so that the 
excessive voltage drop in the feeder is 
compensated. 


19.248. Blavier’s test is used to locate the 
ground fault of a single cable. (Yes/No) 

19.249. Loop tests employ the principle of. 

bridge. 


19.250. The maximum generation voltage in 

advanced countries is . kV while 

that in India is.kV. 


ANSWERS 

(Transmission and Distribution) 
A. Choose the Correct Answer : 


19.1. (c) 

19.2. (b) 

19.3. id) 

19.4. id) 

19.5. (a) 

19.6. («) 

19.7. id) 

19.8. (of) 

19.9. ic) 

19.10. id) 

19.11. id) 

19.12. (6) 

19.13. ib) 

19.14. (a) 

19.15. id) 

19.16. (c) 

19.17. id) 

19.18. id) 

19.19. id) 

19.20. id.) 

19.21. id) 

19.22. ie) 

19.23. (a) 

19.24. (a) 

19.25. (e) 

19.26. id.) 

19.27. (d) 

19.28. (c) 

19.29. (b) 

19.30. (c) 

19.31. ib) 

19.32. (a) 

19.33. id) 

19.34. ib) 

19.35. (6) 

19.36. (b) 

19.37. ib) 

19.38. (c) 

19.39. id) 

19.40. ib) 

19.41. (/>) 

19.42. (a) 

19.43. (e) 

19.44. {c) 

19.45. ic) 

19.46. (,/) 

19.47. (,;) 

19.48. (6) 

19.49. (a) 

19.50. (a) 

19.51. ( b) 

19.52. (<:) 

19.53. (6) 

19.54. (a) 

19.55. (c) 

19.56. id) 

19.57. id) 

19.58. id) 

19.59. id) 

19.60. ib) 

19.61. (,:) 

19.62. (c) 

19.63. id) 

19.64. (a) 

19.65. id.) 

19.66. ((0 

19.67. id) 

19.68. id) 

19.69. (6) 

19.70. ib) 

19.71. ( ( /) 

19.72. id) 

19.73. id) 

19.74. ib) 

19.75. (6) 

19.76. (a) 

19.77. id) 

19.78. ic) 

19.79. ic) 

19.80. (a) 

19.81. (</) 

19.82. ib) 

19.83. (a) 

19.84. ib) 

19.85. id) 

19.86. ib) 

19.87. ib) 

19.88. id) 

19.89. id.) 

19.90. (a) 
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19.91. 

(a) 

19.92. 

(C) 

19.93. 

(c) 

19.94. 

(c) 

19.95. 

(b) 

19.96. 

(6) 

19.97. 

(b) 

19.98. 

(c) 

19.99. 

(c) 

19.100. 

(b) 

19.101. 

(a) 

19.102. 

(a) 

19.103. 

(a) 

19.104. 

(i b) 

19.105. 

(1 b) 

19.106. 

(a) 

19.107. 

(a) 

19.108. 

(b) 

19.109. 

(d) 

19.110. 

(d) 

19.111. 

(d) 

19.112. 

id) 

19.113. 

(a) 

19.114. 

(c) 

19.115. 

(a) 

19.116. 

(a) 

19.117. 

(a) 

19.118. 

(c) 

19.119. 

(a) 

19.120, 

(d) 

19.121. 

(b) 

19.122. 

(b) 

19.123. 

(a) 

19.124. 

(b) 

19.125. 

(b) 

19.126. 

id) 

19.127. 

(c) 

19.128. 

(a) 

19.129. 

(b) 

19.130. 

(c) 

19.131. 

(d) 

19.132. 

(b) 

19.133. 

(d) 

19.134. 

(c) 

19.135. 

(c) 

19.136. 

(a) 

19.137. 

(d) 

19.138. 

(d) 

19.139. 

(b) 

19.140. 

(< d ) 

19.141. 

(a) 

19.142. 

(c) 

19.143. 

(d) 

19.144. 

(b) 

19.145. 

(a) 

19.146. 

(c) 

19.147. 

(c) 

19.148. 

(a) 

19.149. 

(a) 

19.150. 

(d) 

19.151. 

(c) 

19.152. 

(c) 

19.153. 

(c) 

19.154. 

(a) 

19.155. 

(d) 

19.156. 

(d) 

19.157. 

(d) 

19.158. 

(a) 

19.159. 

(a) 

19.160. 

(b) 

19.161. 

(a) 

19.162. 

(a) 

19.163. 

(d) 

19.164. 

(a) 

19.165. 

(b) 

19.166. 

(a) 

19.167, 

(b) 

19.168. 

(a) 

19.169. 

(a) 

19.170. 

(b) 

19.171. 

(b) 

19.172. 

(a) 

19.173. 

(c) 

19.174. 

(b) 

19.175. 

(d) 

19.176. 

(b) 

19.177. 

(a) 

19.178. 

(b) 

19.179. 

(b) 

19.180. 

(c) 

19.181. 

(a) 

19.182. 

(a) 

19.183. 

(a) 

19.184. 

(b) 

19.185. 

(d) 

19.186. 

(a) 

19.187. 

(a) 

19.188. 

(d) 

19.189. 

(c) 

19.190. 

(a) 


B. Fill in the Blanks/Say ‘Yes’ or ‘No’: 


19.191. 

wires 

19.192. 

66 

19.193. 

A.C. 

19.194. 

generating 

19.195. 

11 

19.196. 

400 

19.197. 

Service mains 

19.198. 

Yes 

19.199. 

Distributors 

19.200. 

corona 

19.201. 

transformers 

19.202. 

Underground, overhead 

19.203. 

No 

19.204. 

Yes 

19.205. 

No 

19.206. 

low 

19.207. 

Yes 

19,208. 

low cost 

19.209. 

Overhead, underground 

19.210. 

stranded 

19.211. 

electrical conductivity 

19.212. 

60 

19.213. 

A.C.S.R. 

19.214. 

Yes 

19.215. 

Yes 

19.216. 

sag 

19.217. 

directly 

19.218. 

Stringing 

19.219. 

insulators 

19.220. 

Porecelain 

19.221. 

25, 50 

19.222. 

pin 

19.223. 

Suspension 

19.224. 

Yes 

19.225. 

increase 

19.226. 

stranded 
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19.22 

19.227. large 
19.229. low 
19.231. distributed 
19.233. No 
19.235. No 
19.237. Ferranti 
19.239. Yes 
19.241. hysteresis 
19.243. No 
19.245. ringmain 
19.247. booster 
19.249. wheatstone 


ELECTRICAL engineering 

19.228. Yes 
19.230. reduced 
19.232. low 
19.234. capacitor 
19.236. Kapp’s 
19.238. surge 

19.240. galvanometer, meggar 
19.242. proportional 
19.24 4. interconnected 

19.246. ring 
19.248. Yes 
19.250. 33, 11. 


(OBJECTIVE TYPE) 


□ □ 
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S witchgear Protection 


20.1. INTRODUCTION TO SWITCHGEAR 

‘Switchgear’ is a term which covers wide range of equipment as regards switching and 
interrupting the currents in power system during normal and abnormal conditions . Controlling, 
protecting, regulating and measuring instruments are also covered by switchgear. Switchgear in 
general consists of switches, fuses , circuit breakers . isolators , relays , control panels , metering panels, 
lightning arrestors, current transformers, potential transformers etc. 

20.2. TYPES OF FAULTS 

In a power system, generally the following types of faults occur 

1. Over current 2. Under voltage 

3. Unbalance 4. Reversed power 

5. Surges 

20.3. CIRCUIT BREAKERS 

‘Circuit breakers’ are mechanical devices designed to close or open contact members , thus 
closing or opening an electrical circuit under normal or abnormal conditions . 

A circuit breaker has fixed and moving contacts. These contacts remain in contact whenever 
the circuit breaker is in normal operation. Whenever fault occurs the contacts separate out resulting 
in arc between the electrodes . The production of arc not only delays the current interruption process 
but it also generates enormous heat which may cause damage to the system or the breaker itself. Thus 
the main problem is to extinguish the arc whenever it occurs is circuit breaker. The temperature of 
arc may be as high as 6000°C. 

Methods of arc extinction 

Commonly used methods of arc extinction are : 

1. High resistance interruption . 

By increasing the effective resistance with time current can be reduced to a value insufficient 
to maintain it. The arc resistance can be increased by 

(i) Arc lengthening (ii) Arc cooling 

(Hi) Arc splitting (iv) Arc constraining. 

2. Low j'esistance interruption. 

Here, the arc resistance is kept low, in order to keep the arc energy to a minimum. This^is 
achieved by 

(t) Cooling (ii) Gap lengthening 

(Hi) Blast effect. 


20.1 
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20.2 ELECTRICAL ENGI NEERING (OB JEC TIVE TYPE) 

— The normal frequency r.m.s. voltage that appears across the breaker contacts after final 
arc extinction has occured, is called the recovery voltage. 

— The transient voltage that appears across the contacts at the instant of arc extinction is 
called the re striking voltage. The rate of rise of restriking voltage depends on : 

(z) Active recovery voltage (the instantaneous value of the recovery voltage at the instant of 
arc extinction). 

(ii) Natural frequency of oscillations. 

Types of circuit breakers 

1. Low voltage air circuit breakers 2. Oil circuit breakers 

3. Water type circuit breakers 4. Air blast circuit breakers. 

Circuit breakers have the following ratings : 

(z) Breaking capacity (ii) Making capacity 

(Hi) Short time capacity. 

Clearing and closing time of a circuit breaker 

Fig 20.1 illustrates the clearing and closing time of a circuit breaker. 


Reclosing time 


^Relaying 

time^ 


Clearing time- 

Breaker interrupting- 
time 

Breaker. ^Arcing 
opening timef time 


4 * ' 


Instant ot 
fault 

ipstant of 

energizing the trip coil 
of circuit breaker 


Instant of openjng 
of arcing contacts 


instant of 
arcing extinction 


Instant of closing 
of arcing contacts 


Fig. 20.1. Clearing and closing time of a circuit breaker. 


f Reactors 

The purpose of reactors incorporated in circuit breakers is to limit the short-circuit current 
flowing to a safe value thus providing protection of instrument. They consists of large coils of high 
self-inductance and very low resistance. 

The reactors are of two types namely : 

1. Open type 

2. Oil immersed type.used for voltages above 33 kV. 

Reactors in a power system can be located 

(z) in series with generators (ii) in series with feeders 

(Hi) in bus-bars (in ring system or in tie bar system). 

20.4. BUS-BAR ARRANGEMENTS 

The aim of any particular arrangement of bus-bars is to achieve adequate operating flexibility 
sufficient reliability and minimum cost. _ 
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SWITCHGEAR PROTECTION 20.3 

Typical bus-bar arrangements are : 

1. Single bus-bar system used in D.C. and small A.C. power stations. 

2. Single bus-bar system with sectionalisation . 

3. Ring bus-bar system 4. Duplicate bus-bar system. 

20.5. FUSES 

— A fuse is a wire of shoi't length or thin strip of material having low melting point and is 
inserted, in an electric circuit as protective device to the flow of an excessive current through 
the circuit. The time for blowing out of fuse depends upon the magnitude of the excessive 
current. 

The materials used for fuse wires must have the following characteristics : 

1. Low melting point 2. Low ohmic loses 

3. High conductivity 4. Free from deterioration. 

— For a round wire the approximate value of fusing current is given by 

I = Kd?® .called the ordinary “Fuse Law” 

where K = constant (depending on the metal of wire), and 
d = diameter of the wire. 

— The ratio of minimum fusing current and current rating of fuse element is known as 
fusing factor. The fusing factor is always greater than unity . 

Types of Fuses : 

The most commonly employed fuses are : 

1. Round type fuse unit. 

2. Rewireable or kit-kats types. 

3. High rupturing capacity (H.R.C.) cartridge fuses. 

4. High capacity H.R.C. fuses. 

5. H.R.C. fuse with tripping device. 

6. High voltage H.R.C. fuses. 

— In houses, blocks of flats, personnel amenity rooms and public buildings, i.e., whenever 
the electrical circuits are not constantly supervised by trained personnel the fuse elements 
must satisfy the condition : 

Continuous current rating of fuse element ^ 0.8 x permissible continuous current capacity of 
the conductors forming the circuit to be protected. 

20.6. PROTECTIVE RELAYS 
Functions 

The relays are used to cut off the supply promptly to any element of power system which 
undergoes short-circuit or it starts operating abnormally. However, it may bq understood that the 
relays only give a signal to the circuit breakers for tripping or isolating the faulty system. The circuit 
breakers used must be of sufficient capacity to carry the fault current momentarily and then interrupt it. 
Main Features of a Good Protective Gear 
The main features of a good protective gear are : 

1. Selectivity 2. Sensitivity 

3. Reliability 4. Quiekness 

. 5. Non-interference with future extension. 
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20.4 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


Essential Elements of the Relays 

All the relays have the following three essential fundamental elements : 

1. Saving element ..also called measuring element responds to the change in the actuating 

quantity , the current in a protected system in case of over-current relay. 

2. Comparing element .serves to compare the action of the actuating quantity on the relay 

with a preselected relay setting. 

3. Control element . accomplishes a sudden change in control quantity such as closing of 

the operative current circuit. 

Classification of Relays 

A. According to operating characteristics 

1. Solenoid type 2. Attracted armature type 

3. Electrodynamic type 4. Moving coil type 

5. Induction type 6. Directional or reverse current type 

7. Directional or reverse power type 

8. Under-voltage, under current arid under power relay 

9. Over voltage, current or over power relay 10. Thermal relay 

11. Differential relay 12. Distance relay. 

B. According to operation time 

1. Instantaneous 2. Definite time lag 

3. Inverse time lag 4. Inverse-definite-minimum time lag. 

The following points are worth noting about some relays : 

Differential-relay responds to vector difference between two or more similar electrical quan¬ 
tities. 

Over current relay responds to increase in current; the relay operates'when the current exceeds 
a preset level. 

Impedance relay operates when the impedance between relay point and fault point is below a 
specified value. 

Instantaneous relay is a quick operating relay ; operating time less than 0.2 sec. 

Static relay has no moving parts ; the measurement is performed by a stationary circuit. 

20.7* PROTECTION OF ALTERNATORS 
Common Faults 

Following are some of the faults which can^ occur 
1. Primemover failure 2. 

3. Over current 4. 

5. Field failure 6. 

Protection system used 
The following protection systems are used : 

1. Differential protection scheme 2. 

3. Sator in ter-turn protection. 

20.8. PROTECTION OF TRANSFORMERS 
Common Faults 

The following faults usually occur in the transformers : 

1. Open circuits 2. Overheating 


in alternators : 

Over speed 
Over voltage 
Unbalanced loading. 

Balanced earth fault protection 
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SWITCHGEAR PROTECTION 


20.5 


(u) phase-to-phase faults 


3. Winding short circuits resulting from 
(i) inter-turn faults 
(Hi) ear th faults. 

Protection relays used 

For the protection of transformer following relays are used : 

1. Over current relay 2. Buchholz’s relay 

3. Earth fault relay. 

20.9. PROTECTION AGAINST OVER VOLTAGES 

Over voltages may be caused by conditions external or internal, to the system ; a convenient 
classification given below : 

A. Internal Causes 

1. Sudden change in load 2. Switching operation of an unloaded line 

3. Insulation failure 4. Arcing grounds 

5. Resonance 

6. Sudden opening of loaded line, particularly under short-circuit conditions. 

B. External Causes 

These are mainly due to atmospheric conditions, i.e., due to lightning. 

The devices used for protection of electrical equipment from surges or over voltages are known 
as over-voltage protection devices , these are enumerated below : 

1. Ground wire 2. Earthing screen 

3. Surge diverters or lightning arresters 4. Surge absorbers. 

20.10. NEUTRAL EARTHING 

These days, the majority of 3-phase systems operate with an earthed neutral, earthing being 
achieved either directly or through an impedance . 

Advantages: 

1. Elimination of persistent arcing grounds (by the use of a suitable switch gear). 

2. Earth faults can be utilised to operate protective relays to isolate the fault. 

3. This system gives reliable service and greater^safety to personnel and equipment. 

4. Maintenance and operating cost of such system, as compared to isolated systems, is less. 

5. The voltage of healthy phases remains nearl^ constant. 

Methods of Neutral Earthing 

The following methods are employed to earth the neutral of the power system : 

1. Sdlid earthing .usually confined to systems operating at voltage below 2.2 kV and above 

33 kV. 

» 

2. Resistance earthing .usually employed for the system operating at voltages between 2.2. 

kV and 33 kV when the power source capacity exceeds 5000 kVA 

3. Reactance earthing .this system ensures satisfactory relaying partial grading of the 

apparatus insulation, reduced interference to neighboring communication circuits as compared with, 
that'in solidly earthed system. Its main drawback is very high transient over voltages due to which 
this system is not in common use. 

4. Arc suppression coil or Peterson coil earthing. . usually confined to medium voltage 

overhead transmission lines which are connected to generating source through intervening power 
transformers. 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


2. Industrial substations 


20.11. SUBSTATIONS 
Functions 

The main functions of substations are to receive energy transmitted at high voltage from the 
generating stations , reduce the voltage to a value appropriate for local distribution and provide 
facilities for switching. 

Classification: 

A. According to service 

1. Transformer substations 

3. Switching substations 

4. Power factor correction or synchronous substations 

5. Frequency changer substations 6. Converting substations. 

B. According to design 

1. Indoor type substations 

2. Outdoor substations 

(j) Pole mounted substations (ii) Foundation mounted substations. 

Equipment for Substations and Switchgear Installations 
The main equipment for substations and switchgear is given below : 


1. Main bus-bars 

3. Isolators 

5. Load-interrupter switches 
7. Power transformers 
9. Indicating and metering instruments 
11. Carrier-current equipment 


2. Insulators 

4. Circuit breakers 

6. Fuses 

8. Current and potential transformers 
10. Protective relays 
12. Control cables. 


OBJECTIVE TYPE QUESTIONS 

# 


A. Choose the Correct Answer : 

20.1. The main function of a fuse is to 

(а) protect the line 

(б) open the circuit 

(c) protect the appliance 
(^Eprevent excessive currents 
(e) none of the above 

20.2. On which of the following routine tests 
are conducted ? 

(а) Oil circuit breakers 

(б) Air blast circuit breakers 

(c) Minimum oil circuit breakers 
‘ (d) All of the above 

20.3. SFg gas 

(а) is yellow in colour 

(б) is lighter than air 
is non toxic 

(d) has pungent small 

(e) none of the above 


The arcing contacts in a circuit breaker 
are m,ade of 

Kdfcopper tungsten alloy 

(b) porcelain 

(c) electrolytic copper 

(d) aluminium alloy 

20.5. Which of the following medium is 
employed for extinction of arc in air 
circuit breaker ? 

(a) Water (6) Oil 

;(c)-Air (d) SFe 

20.6. With which of the following, a circuit 
breaker must be equipped for remote 
operation ? 

(a) Inverse time trip 

(b) Time-delay trip 

\(c)' Shunt trip (d) N one of the above 

(e) All of the above 


20.4. 
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SWITCHGEAR PROTECTION 

20.7. Fault diverters are basically 

(a) fuses ( b ) relays 

t^cTikst switches ( d) circuit breakers 

20.8. A thermal protection switch can protect 
against 

(a) short-circuit ( b ) temperature 

(^Toverload (d) over voltage 

20.9. Arc in a circuit behaves as 

(а) a capacitive reactance 

(б) an inductive reactance 

(c) assistance increasing with voltage 
rise across the arc 

'£eff a resistance decreasing with volt¬ 
age rise across the arc 

20.10. Thermal circuit breaker has 
Jaj delayed trip action 

(6) instantaneous trip action 

(c) both of the above 

(d) none of the above 

20.11. Relays can be designed to respond to 
changes in 

(a) resistance, reactance or impedance 

(b) voltage and current 

(c) light intensity 

(d) temperature 
(eHul above 

20.12. Overload relays are of.type. 

(a) induction (6) solid state 

(c) thermal (d) electromagnetic 

(e) all aboveu^ 

20.13. Thermal overload relays are used to 
protect the motor against over eurrent 
due to 

(a) short-circuits heavy loads 
(c) grounds ( d ) all of the above 

20.14. Magnetic circuit breaker has .trip 

action. 

(a) delayed 4hfmstantaneous 

(c) both of the above 

(d) none of the above 

20.15. D.C. shunt relays are made of 

(a) few turns of thin wire 

(b) few turns of thick wire 
X^fmany turns of thin wire 
(d) many turns of thick wire 

20.16. The relay operating speed depends upon 

(а) the spring tension 

(б) the rate of flux built up 


20.7 

(c) armature core air gap 
vXciE'all of the above 

20.17. In order that current should flow without 
causing excessive heating or voltage 
drop, the relay contacts should 

(а) have low contact resistance 

(б) be clean and smooth 

(c) be of sufficient size and proper shape 
^(dj have all above properties 

20.18. Circuit breakers usually operate under 

transient state of short-circuit cur¬ 
rent 

(6) sub-transient state of short-circuit 
current 

(c) steady state of short-circuit current 
4$£Sfter D.C. component has ceased 

20.19. Circuit breakers are essentially 

v (a) current carrying contacts called elect¬ 
rodes 

(6) arc extinguishers 

(c) circuits to break the system 

(d) transformers to isolate the two sys¬ 
tems 

(e) any of the above 

20.20. The current zero interruption, in oil 
and air blast circuit breakers, is achieved 

by 

4#) lengthening of the gap 
(6) cooling and blast effect 
( (c) both (a) and (b) 

(d) deionizing the oil with forced air 
'e) none of the above 

20.21. Air blast circuit breaker is used for 
(a) over currents ( b ) short duty 

inter mittant duty 
repeated duty 

20.22. An efficient and a well designed protec¬ 
tive relaying should have 

(а) good selectivity and reliability 

(б) economy and simplicity 
(c) high speed and selectivity 

■ (d) all of the above 

20.23. Burden of a protective relay is the power 
(a) required to operate the circuit 

breaker 

V(6) absorbed by the circuit of relay 
( c ) developed by the relay circuit 
, (d) none of the above 
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20.24. Directional relays are based on flow of 

\j^5 power (6) current 

(c) voltage wave ( d ) all of the above 

20.25. A differential relay measures the vec¬ 
tor difference between 

(a) twS currents ( b ) two voltages 

two or more similar electrical quan¬ 
tities 

(d) none of the above 

20.26. A transmission line is protected by 

(a) inrush protection 

(b) distance protection 

(c) time graded and current graded 
over current protection 

\ldfh oth (6) and (c) 

(e) none of the above 

20.27. Large internal faults are protected by 
V^Hnerz price percentage differential 

protection 

(6) mho and ohm relays 

(c) horn gaps and temperature relays 

(d) earth fault and positive sequence 
relays 

20.28* When a transmission line is energized, 
the wave that propagates on it is 

(a) current wave only 

(b) voltage wave only 
\J $"both (a) and (6) 

(d) power factor wave only 

20.29. Protective relays are devices that detect 
abnormal conditions in electrical cir¬ 
cuits by measuring 

(а) current during abnormal condition 

(б) voltage during abnormal condition 
(gY constantly the electrical quantities 

which differ during normal and ab¬ 
normal conditions 

(d) none of the above 

20.30. The voltage appearing across the con¬ 

tacts after opening of the circuit breaker 
is called.voltage. 

Mffl recovery (b) surge 

(c) operating (d) arc 

(e) none of the above 

20.31. Ionization in circuit breaker is facilitated 
by 

(a) high temperature 

(b) increase of mean free path 


(c) increasing field strength 
V '(^) all of the above 

20.32. In a circuit breaker the basic problem 
is to 

(a) maintain the arc 
\ (^extinguish the arc 

(c) transmit large power 

( d ) emit the ionizing electrons 

20.33. Overheating of relay contacts or con¬ 
tact born out is due to 

(а) slow making and breaking of load 
circuit contacts 

(б) foreign matter on the contact sur¬ 
face 

(c) too low contact pressure 
K id) all of the above 

20.34. Interruption of large currents by relay 
requires 

(а) arc suppressing blow out coils 

(б) wide separation of the opened con¬ 
tacts 

(c) high speed opening of contacts 
\d) all of the above 

20.35. Shunt capacitance is neglected while 
considering 

(а) short transmission line 

(б) medium transmission line 

(c) long transmission line 

(d) medium and long transmission lines 

20.36. The arc voltage produced in A.C. circuit 
breaker is always 

(а) in phase with the arc current 

(б) lagging the arc current by 90° 

(c) leading the arc current by 90° 

( d ) none of the above 

20.37. The time of closing the cycle, in modern 
circuit breakers is 

(a) 0.003 sec (6) 0.001 sec 

(c) 0.01 sec (d) 0.10 sec 

( e ) none of the above 

20.38. Insulation resistance of high voltage 
circuit breakers is more than 

(a) 1 mega ohms ( b ) 10 mega ohms 
(c) 100 mega ohms (d) 500 mega ohms 

20.39. H.R.C. fuses provide best protection 
against 

(a) overload (b) reverse current 

(c) open-circuits !(op) short-circuits 
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20.4CP> The ground wire should not be smaller 
than No.copper. 

(a) 2 (6)4' 

(c) 6 MrfTTO 

20.41. The delay fuses are used for the protec¬ 
tion of 

'dcff motors 

( b ) power outlet circuits 

(c) fluorescent lamps 

( d ) light circuits 

20.42. Which of the following is the least ex¬ 
pensive protection for overcurrent is 
low voltage system ? 

J^Ilewireable fuse 

(b) Isolator 

(c) Oil circuit breaker 

(d) Air break circuit breaker 

( e ) None of the above 

20.43. Resistance grounding is used for volt¬ 
age between 

(a) 33 kV to 66 kV 

(b) 11 kV to 33 kV 

kV and 11 kV 

(d) -none of the above 

20.44. The contacts of high voltage switches 
used in power system are submerged in 
oil. The main purpose of the oil is to 

(а) lubricate the contacts 

(б) insulate the contacts from switch 
body 

v^fo)^extinguish the arc 

(d) all of the above 

(e) none of the-above 

20.45. In Railway applications . circuit 

breaker is used. 

(a) SFe ( b ) bulk oil 

(c) minimum oil Kc^air break 

20.46. To protect most of the electrical equip¬ 
ment handling low power, the types of 
relays used are 

(а) thermocouple 

(б) electronic and bimetallic 
‘ v (c)d5oth (a) and (b) 

(d) none of the above 

20.47. Wave trap is used to trap waves of 
(a) power frequencies 

^J^mgher frequencies entering genera¬ 
tor or transformer units 


(c) either of the above 

(d) none of the above 

20.48. Ungrounded neutral transmission sys¬ 
tem is not recommended because of sys¬ 
tem 

' (a) insulation being overstressed due 
to. Qver voltages 

(6) insulation overstress may lead to 
failure and subsequent phase to 
phase faults 

(c) being inadequately protected against 
ground fault 

all of the above 

20.49. The reflection co-efficient at the open 

circuited end of a transmission line ^ 
(a) zero (6) infinity 

IJpYxmity 

(d) none,of the above 

20.50. For the protection of power station build¬ 
ings against direct strokes the require¬ 
ments are 

(а) interception 

(б) interception and conduction 
Interception, conduction and dis¬ 
sipation 

{d) interception, conduction, dissipa¬ 
tion and reflection 

(e) none of the above 

20.51. The line insulation is .the insula¬ 

tion level of the station equipment. 

(a) less than (6) same as 

(c) more than {d) proportional to 
■ (e). not directly related with 

20.52. The interaction between a transmis¬ 
sion line and communication line is 
minimized by 

(а) transposing transmission as well as 
communication lines 

(б) increasing the height of the trans¬ 
mission line tower 

(c) increasing the distance between the 
two lines 

^)'all of the above 

20.53. When a wave propagates on a trans¬ 
mission line, it suffers reflection several 
times at 

(a) tapping (6) load end 

(c) sending end 
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\Jdf sending and other end 
(e) all of the above 

20.54. Which of the following statements is 
incorrect ? 

Station batteries are used to operate 
relay only 

(b) The lightning arresters are basical¬ 
ly surge diverters 

(c) An impedance relay has maximum 
fault current when fault occurs near 
the relay 

(d) A high speed relay has an operation 
of 1 to 2 cycles 

20.55. Discrimination between main and back 
up protection is provided by the use of 
relays which are 

(a) fact (6) sensitive 

vj^slow 

(d) none of the above 

20.56. Induction cup relay is operated due to 
changes in 

(a) current ( b ) voltage 

(c) impedance ■(d),alTof the above 

20.57. A.C. network analyser is used to solve 
problems of 

(a) load flow 

( b ) load flow and short-circuit 

(c) load flow and stability 

v Jcjf) load flow, short-circuit and stability 

(e) none of the above 

20.58. Which of the following statements is 
incorrect ? 

(aL Lightning arrestors are used before 
the switchgear 

(b) Shunt reactors are used as compen¬ 
sation reactors 

(c) The peak short current is (1.8 xVJ) 
times the A.C. component 

( d ) The MVA at fault is equal to base 
MVA divided by per unit equivalent 
fault reactance 

20.59. Short-circuit currents are due to 

(а) single phase to ground faults 

(б) phase to phase faults 

(c) two phase to ground faults 

(d) three phase faults 
\(e)any of these 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

20.60. To reduce short circuit fault currents 

.. are used. 

M® reactors (6) resistors 

(c) capacitors 

(d) none of the above 

20.61. Bus coupler is very essential in . 

arrangement 

(a) single bus 

(b) double bus, double breaker 
■Tc) main and transfer bus 

(d) all of the above 

20.62. For cost and safety, the outdoor subste 

tions are installed for voltages above 
(a) 11 kV '-(6)'33 kV 

(c) 60 kV id) 110 kV 

20.69. The short circuit in any winding of the 

transformer is the result of 

(а) mechanical vibration 

(б) insulation failure 

(c) loose connection 

(d) impulse voltage 

20.64.relays are used for phase faults on 

long line. 

^(a)Tmpedance (6) Reactance 

(c) Either of the above 

(d) None of the above 

^0.65. For which of the following protection 
from negative sequence currents is 
provided ? 

V(#jfGeneratCi s (6) Motors 

(c) Transmission line 

(d) Transformers 

20.66 .relay is preferred for phase fault on 

short transmission line. 

(a) Induction type (6) Reactance 

(c) Impedance 

(d) None of the above 

20.67. Distance relays are generally 

(а) split-phase relays 

(б) reactance relays 
(c) impedance relays 

\ (d)^done of the above 

20.68. For which of the following ratings of the 
transformer differential protection is 
recommended ? 

(a) above 30 kVA 
\ (b) equal to and above 5 MVA 
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(c) equal to and above 25 MVA 

(d) none of the . above 

20.69. A . is used to measure the stator 

^ winding temperature of the generator. 

(a) thermocouple 

( b ) pyrometer 
(eTresistance thermometer 

(d) thermometer 

20.70. The under voltage relay can be used for 

(a) generators (6) busbars 

(c) transformers ( d ) motors 

;» tll of the above 

20.71. The relay with inverse time charac¬ 
teristic will operate within 

(a) 1.5 sec -djb) 5 to 10 sec 

(c) 5 to 20 sec ( d ) 20 to 30 sec 

(e) none of the above 

20.72. The single phasing relays are used for 
the protection of 

(a) single phase motors only 
(6) two phase motors only 

(c) two single phase motors running in 
parallel 

(d) three phase motors 

20.73. Which of the following devices will 
receive voltage surge first travelling on 
the transmission line ? 

. (a) Lightning arresters 

( b ) Relays 

(c) Step-down transformer 

(d) Switchgear 

20.74. Which of the following parameter can 
be neglected for a short line ? 

(a) Inductance I&) Capacitance 

(c) Resistance (d) Reactance 

20.75. Series reactors should have 

(a) low resistance (6) high resistance 
(c) low impedance (d) high impedance 

20.76. Which of the following circuit breakers 
has high reliability and minimum main¬ 
tenance ? 

(a) Air blast circuit breakers 
v(fe) Circuit breaker with SF6 gas 

(c) Vacuum circuit breakers 

(d) Oil circuit breakers 

20.77. Arc in a circuit breaker is interrupted 
at 

v (a) zero current 


20./J 

(6) maximum current 
(c) minimum voltage 
{d) maximum voltage 

20.78.. transmission line has reflection co¬ 

efficient as one. 

i(a}T Open circuit (6) Short-circuit 

(c) Long 

(d) None of the above 

20.79. What will be the reflection co-efficient 
of the wave of load connected to trans¬ 
mission line if surge impedance of the 
line is equal to load ? 

i (a) Zero (6) Unity 

(c) Infinity 

(d) None of the above 

20.80. The inverse definite mean time relays! 
are used for over current and earth 
fault protection of transformer against 
(a) heavy loads 

\Jtr) internal short-circuits 

(c) external short-circuits 

(d) all of the above 

20.81. Over voltage protection is recommended 
for 

(а) hydro-electric generators 

(б) steam turbine generators 
(c) gas turbine generators 

\ (dX sfll of the above 

(e) none of the above 

20.82. Air blast circuit breakers for 400 kV 
power system are designed to operate 
in 

(a) 100 micro-second 
t (fe)d50 milli-second 
(c) 0.5 sec (d) 0.1 sec 

20.83. Overfluxing protection is recommended 
for 

(а) distribution transformer 
\{^L^eherator transformer of the power 

plant 

(c) auto-transformer of the power 
plant 

(d) station transformer of the power 
plant 

20.84. Series capacitors are used to 

compensate for line inductive reac¬ 
tance 

(б) compensate for line capacitive reac¬ 
tance 
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(c) improve line voltage 

( d ) none of the above 

20.85. Admittance relay is ...... relay. 

(a) impedance Lffe) directional 

(c) non-directional 

(d) none of the above 

20.86. The material used for fuse must have 

\ (g) low melting point and high specific 
resistance 

(b) low melting point and low specific 
resistance 

(c) high melting point and low specific 
resistance 

{d) low melting point and any specific 
resistance 

20.87. If the fault occurs near the impedance 
relay, the V/I ratio will be 

(a) constant for all distances 
\Jb) lower than that of if fault occurs 
away from the relay 
(c) higher than that of if fault occurs 
away from the relay 
{d) none of the above 

20.88. The torque produced in induction type 
relay (shaded pole structure) is 

(а) inversely proportional to the current 
\ (6) inversely proportional to the square 

of the current 

(c) proportional to the current 

(d) proportional to square of the current 

20.89. The steady state stability of the power 
systepi can be increased by 

connecting lines in parallel 

(б) connecting lines in series 

(c) using machines of high impedance 

(d) reducing the excitation of machines 

(e) none of the above 

20.90. The inductive interference between 
power and communication line can be 
minimized by 

(a) transposition of the power line 

(b) transposition of the communication 
line 

s (c) both (a) and ( b ) 

(d) increasing the distance between the 
conductors 

20.91. The power loss is an important factor 
for the design of 
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^Transmission line 
(6) motor 

(c) generator (d) feeder 

20.92. A fuse is connected 
Hdf) in series with circuit 

(b) in parallel with circuit 

(c) either in series or in parallel with 
circuit 

(d) none of the above 

20.93. H.R.C. fuse, as compared to a rewirable 
fuse, has 

(a) no ageing effect 

(b) high speed of operation 

(c) high rupturing capacity 
M^fall of the above 

20.94. The fuse rating is expressed in terms of 

(a) current (6) voltage 

-(efVAR (d) kVA 

20.95. The fuse blows off by 

(a) burning (6) arcing 

s (e) melting 

(d) none of the above 

20.96. On which of the following effects of 
electric current a fuse operates ? 

(а) Photoelectric effect 

(б) Electrostatic effect 
' (c) Heating effect 

(d) Magnetic effect 

20.97. An isolator is installed 

(а) to operate the relay of circuit 
breaker 

(б) as a substitute for circuit breaker 
(c) always independent of the position 

of circuit breaker 

L(cf) 'generally on both sides of a circuit 
breaker 

20.98. A fuse in a motor circuit provides 
protection against 

(a) overload 

(£>) short-circuit and overload 
(c) open circuit, short-circuit and over¬ 
load 

( cL ) none of the above 

20.99. Protection by fuses is generally not 
used beyond 

(a) 20 A (b) 50 A 

tfertSb a id) 200 A 

20.100. A fuse is never inserted in 
-(a) neutral wire 
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(6) negative of D.C. circuit 

(c) positive of D.C. circuit 

(d) phase line 

20.101. Oil switches are employed for 

(а) low currents circuits 

(б) low voltages circuits 

M^yTngh voltages and large currents 
circuits 
(d) all circuits 

20.102. A switchgear is device used for 

(а) interrupting an electrical circuit 

(б) switching an electrical circuit 

(c) switching and controlling an electri¬ 
cal circuit 

)Jcd$ switching, controlling and protect¬ 
ing the electrical circuit and equip¬ 
ment 

20.103. The fuse wire, in D.C. circuits, is in¬ 
serted in 

(а) negative circuit only 

(б) positive circuit only 
w(ef both (a) and (6) 

(d) either (a) or ( b ) 

20.104. By which of the following methods major 
portion of the heat generated in a 
H.R.C. fuse is dissipated ? 

(a) Radiation (b) Convection 

^ej^Conduction (d ) All of the above 

20.105. A short-circuit is identified by 
(a) no current flow 

; (6) lTeavy current flow 
(c) voltage drop (d) voltage rise 

20.106. The information to the circuit breaker 
under fault conditions is provided by 

vfetj relay (6) rewirable fuse 

(c) H.R.C. only (d) all of the above 

20.107. To limit short-circuit current in a power 

system.are used. 

(a) earth wires ( b ) isolators 
(c) H.R.C. fuses ^(djErenctors 

20.108. A balanced 3-phase system consists of 
(a) zero sequence currents only 

ositive sequence currents only 

(c) negative and zero sequence cur¬ 
rents 

(d) zero, negative and positive sequence 
currents 

20.109. In a single bus-bar system there will be 
complete shut down when 


20.13 

wfa) fault occurs on the bus itself 
(6) fault occurs on neutral line 

(c) two or more faults occur simul- 
taneously 

( d ) fault occurs with respect to earthing 

20.110. Which of the following is used in liquid 
fuses ? 

(а) Transformer oil 

(б) Sulphur hexafluoride 
(c) Distilled water 

■(d) Carbon tetrachloride 

20.111. In a contactor, interrupting medium 
may be 

(a) air (6) oil 

(c) SFe gas \^(dfany of the above 

20.112. A circuit breaker, under normal condi¬ 
tions, should be inspected 

(a) every day (6) every week 

(c) every month 

U(d'ronce in 6 months or 12 months 

20.113. Which of the following circuit breakers 
has the lowest voltage range ? 

(a) SFg circuit breaker 

(b) Air-blast circuit breaker 

(c) Jank type oil circuit breaker 
^(dfAir-break circuit breaker 

20.114. The transient voltage that appears 

across the contacts at the instant of arc 
extinction is called.voltage. 

(a) supply ( b ) recovery 

^G^estriking (d) peak 

20.115. A fuse wire possesses 

(a) direct time characteristics 
1(6)^inverse time characteristics 

(c) either of the above 

(d) none of the above 

20.116. Which of the following relays is used for 
protection of motors against overload ? 
(a) Buchholz relay 

L(6EThermal relay 

(c) Impedance relay 

1 (d) Electromagnetic attraction type 

(e) None of the above 

20.117. H.R.C. fuses provide best protection in 
case of 

(a) overloads (6) open circuits 

^^JrsKoirt-circuits 

(d) none of the above 
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20.118. Minimum arcing voltage will be least 
in case of 

V^G^silver (6) graphite 

(c) carbon (d) tungsten 

20.119. Breaking capacity of a circuit breaker 
is usually expressed in terms of 

(a) volts (b) amperes 

IJWMVA (< d ) MW 

(^) none of the above 

20.120. The total time for high speed breakers 
in nearly 

(a) five cycles ( b ) few cycles 

(b) one cycle '(d) "half cycle 

20.121. Which of the following is not a part of 
the circuit breaker ? 

{a) Operating mechanism 
(6) Conservator 

(c) Explosion pot 

(d) Fixed and moving contacts 

20.122. Which of the following circuit breakers 
will produce the least arc energy ? 

Met) Air blast circuit breaker 
(6) Minimum oil circuit breaker 

(c) Plain oil circuit breaker 

(d) None of the above 

20.123. In a circuit breaker the time duration 
from the instant of the fault to extinc¬ 
tion of arc is known as 

v(©fctearing time (6) operation time 
(c) lag time ( d) lead time 

20.124. Air used in air blast circuit breaker 
* (a) must be free from moisture 

(b) must have least CO 2 

(c) must be ionized 
{d) must have oil mist 

20.125. The rating of a circuit breaker is 
generally determined on the basis of 

(a) line-to-line fault current 

Mb) symmetrical fault current 
(c) single line to ground fault current 
id) double line to ground faujt current 
20.126.. gives rise to symmetrical fault ? 

(a) Phase-to-phase 

(b) Single phase to ground 

(c) Double phase to ground 

\ Jd) Three-phase short-circuit 

(e) None of the above 
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20.127. In circuit breakers, the advantage of 
using oil as quenching medium is 

(а) oil acts as insulator 

(б) oil has high dielectric strength 
(c) absorption of arc energy 

t Jd)"a 11 of the above 

20.128. In the event of a fault on connected 
circuit, a circuit breaker will operate 

^ (aTautomatically (6) manually 
(c) manually through control switch 
id) depends on the design 

20.129. An arc in a circuit behaves like 

(a) an inductive reactance 
(6) a capacitive reactance 

(c) infinite resistance 

(d) a resistance decreasing with volt¬ 
age rise across the arc 

20.130. A differential rdlay responds to 

Md) vector difference between two electri¬ 
cal quantities 

(b) algebraic difference between two 
voltages 

(c) algebraic difference between two 
currents 

{d) algebraic difference between two 
electrical quantities 

20.131. Buchholz’s relay is 

(a) installed inside the breaker 

(b) located on the top of conservator 
tank 

(c) connected in the pipe connecting 
main tank of transformer and con¬ 
servator 

(d) part of circuit breaker installed neati* 
the transformer 

20.132. The pilot relay is provided to obtain 

(a) high speed tripping 

(b) delayed tripping 

(c) preset tripping 

(d) hone of the above 

20.133. A circuit breaker will normally operate 
{dy Whenever fault in the line occurs 

(b) when the switch is put on 

(c) when the line is to be checked 

(d) when the power is to be supplied 

20.134. Merz-Price protection is used for 

(a) alternators 

( b ) short transmission lines 
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20.15 


(c) long transmission lines 
(c0 air cooled transformers 

20.135, Reactance relays are used for phase 


fayjt in ...... line. 

w (a) short (b) medium 

(c) long (d) all of the above 


20.136. An earth conductor provided on the top 
of the transmission line provides protec¬ 
tion against 

(a) direct lightning stroke 

( b ) travelling waves 

(c) electrostatically induced voltage due 
to a charged cloud 

e (ci)'all of the above 

20.137. The use of oil immersed reactors is 
generally restricted upto 

(а) 5 kV (fc)llkV 

(c) 22 kV (d) 33 kV 

|e) -H6rmally no restriction of voltage 

20.138. A lightning arrester provides 

^ (c0 *a low impedance path between line 
and ground, during operation 

(б) a high impedance path between line 
and ground, during operation 

(c) a low resistance path between line 
and ground, during operation 

(d) a high resistance path between line 
and ground, during operation 

20.139. Which system will need the lightning 
arrester of least voltage rating ? 

Mu^Solid ground neutral system 
(6) Insulated neutral system 
(c) Resistance grounded neutral sys¬ 
tem 

{d) Reactance grounded neutral system 

20.140. Buchholz^relay cannot be used on 
(a) three phase transformers 

Vi&rair cooled transformers 

(c) 500 kV transformers 

(d) 1000 kV transformers 

20.141. Basically a lightning arrester is a 

t (a^surge diverter (6) surge alternator 
(c) surge reflector (d) surge absorber 

20.142. Least number of faults are generally 
reported for 

(a) transmission lines 

U(6T cables 

/ (c) switchgears (d) transformers 


20.143. The material used for bus-bars should 
have 

(а) low cost 

(б) higher softening temperature 

(c) low resistivity \d) all of the above 

20.144. The main facto, in favour of the use of 
aluminium as bus-bar material is its 

t(aH3w cost (b) low density 

(c) low melting point 

(d) high resistivity 

20.145. Surge modifiers are used to 

(a) modify the shape of wave front 
V(6) reduce the steepness of wave front 

(c) reduce the current of wave front 

(d) reduce the voltage of wave front 

20.146. Current limiting reactors may be 

(a) air cooled air cored 

(b) oil immersed magnetically shielded 

(c) oil immersed non-magnetically 
shielded 

i{ef)"any of the above 

20.147. Which portion of transmission system 
is least prone to faults ? 

j^tMdternators ( b ) Switchgear 

(c) Overhead lines 

(d) None of the above 

20.148. Switching over voltages arc more haz¬ 
ardous £han lightning surges in case of 

(а) unbalanced systems 

(б) low voltages 
(c) 11 kV systems 

and UHV systems 

( e ) none of the above 

20.149. Thermal relays are often employed in 
v(aXmotor starters 

(6) transformer protection 

(c) generator protection 

(d) none of the above 

20.150. Which of the following protective devices 
can be used against lightning surges ? 

(а) Lightning arrestors 

(б) Horn gap 

(c) Surge diverters 
Any of the above 

20.151. The over-voltage surges in power sys¬ 
tems may be caused by 

(a) resonance (6) switching 

(c) lightning (Js$~any of the above 
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20.152. The contact space in circuit breakers is 
ionized by. 

(а) field emission from the surface of 
contacts 

(б) thermal emission from surface of 
contacts 

(c) thermal ionization of gas 
y^c^any of the above 

20.153. The breaking capacity of a 3-phase cir¬ 
cuit breaker is given by 

j {clY^TS x service voltage x rated sym¬ 
metrical current 

(6) 3 x service voltage x rated sym¬ 
metrical current 

(c) 2 x service voltage x rated sym¬ 
metrical current 
(gO none of the above 

20.154. The positive sequence impedance of a 
transmission line is 

(a) three times the negative sequence 
current 

H£j]f equal to negative sequence current 

(c) one-third of negative sequence cur¬ 
rent 

(d) always zero 

(e) none of the above 

20.155. The most serious result of a major un¬ 
cleared short-circuit fault could be 

(a) blowing off of fuse 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(c) deterioration of insulation 

(d) heavy current in neutral 

20.156. Which fuse material is more suscep¬ 
tible to oxidation as compared to the 
remaining ? 

(a) Silver (6) Copper 

(c) Tin lead alloy 

20.157. Outdoor switchgear is generally used 
for voltage beyond 

(a) 11 kV ( b ) 33 kV 

'.(<?) 66 kV (d) 132 kV 

20.158. SFg gas is transported in 

(a) air cylinders (6) gas cylinders 
i (<?) liquid form in cylinders 

(d) solid form in boxes 

(e) none of the above 

20.159. The advantage of neutral earthing is 

(a) freedom from persistent arcing 
grounds 

( b ) over voltages due to lightning can 
be discharged to earth 

(c) simplified design earth fault protec¬ 
tion 

4tflTalTof the above 

20.160. In a circuit breaker ionisation is not 
facilitated by 

k(a) lhaterial of contacts 

( b ) increase of mean path 

(c) increase of field strength 

(d) high temperature of surrounding 
medium 


B . Fill in the blanks/Say Tes' or ‘No*: 

20.161. The apparatus including its associated 

auxiliaries employed for controlling, 
regulating or switching on or off the 
electrical circuits in the electrical power 
system is known as. 

20.162. Broadly speaking switchgear is of two 

types : ( i )."type and («).type. 

20.163. A surge may be considered as high volt¬ 
age of very high frequency. (Yes/No) 

20.164. Reversed power (fault) occurs only in 
...... systems: 

20.165. The fault of...... current occurs mainly 

due to short-circuit or leakage due to 
corona effect and sometimes due to 
overload on the supply system. 


20.166. In a power system under voltage (fault) 
occurs either oh short-circuits because of 
more voltage drop in lines and machines 
or on failure of alternator's field. 

(Yes/No) 

20.167. A.... .. is a coil designed to have a large 
inductive reactance in comparison with 
its ohmic resistance. 

20.168. The reactors.the fault by limiting 

the current that can flow into it from 
other healthy parts of the system. 

20.169. The reactors are employed to protect 

the circuit breakers of.rating. 

20.170. The use of open type reactors is limited 

to 5 kV. (Yes/No) 
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Oil immersed type reactors are used for 
voltages above 33 kV. (Yes/No) 

When the reactors are inserted in 
series with each generator the reactors 

are known as.reactors. 

When the reactors are connected in 
series with the feeder, the reactors are 

known as.reactors. 

In a tie-bar system the generators are 
connected to the common bus-bar 
through the reactors but the feeders 
are fed from the generator side of the 
reactors. (Yes/No) 

A.is used in an electric circuit as a 

device for making or breaking an electric 
circuit in a convenient way. 

.are mechanical devices designed to 

close or open contact members, thus 
closing or opening an electrical circuit 
under normal or abnormal conditions. 

20.177 .resistance method of extinguishing 

arc is employed in D.C. circuit breakers 
and low and medium power industrial 
type air circuit breakers. 

20.178 .resistance method of extinguishing 

arc is applicable only to A.C. circuits in 
which resistance is kept low and arc is 
prevented from restriking after it has 
gone out at a current zero. 

20.179. During the arcing period the voltage 

across the contacts is known as . 

voltage. 

20.180. Low voltage air circuit breakers are 

designed for use on D.C. circuit and low 
voltage A.C. (upto and including 600 V) 
circuits. (Yes/No) 

20.181. * Oil circuit.are increasingly employed 

in unattended substations and rural 
distribution schemes, where circuit 
breakers are employed in outlying 
areas. 

20.182.is a wire of short length or thin strip 

of material having low melting point 
and is inserted in an electric circuit as 
a protective device to the flow of an 
excessive current through the circuit. 


20.171. 

20.172. 

20.173. 

20.174. 

20.175. 

20.176. 


20.183. 

20.184. 

20.185. 

20.186. 

20.187. 

20.188. 

20.189. 

20.190. 

20.191. 

20.192. 

20.193. 

20.194. 

20.195. 

i 

20.196. 

20.197. 

20.198. 

20.199. 

20 . 200 . 
20 . 201 . 


The conductivity of. does not dete¬ 

riorate with oxidation. 

..current is defined as the minimum 

value of current at which the fuse ele¬ 
ment or fuse wire melts. 

A relay is an.operated switch. 

Silver contacts . be oiled because 

this causes overheating. 

A relay which operates faster as cur¬ 
rent increases is said to have.cha¬ 

racteristics. 

A relay which operates with a time lag 
after current reaches a particular value 
is called time delay over current relay. 

(Yes/No) 

A relay which operates immediately on 
current reaching a particular value is 

called.over current relay. 

Discharge resistor is placed across relay 

contacts to avoid .jumping across 

them causing their pitting and burn¬ 
ing. 

Solenoid relay is an instantaneous over 

current relay but dash pot makes it. 

over current relay. 

.prevents one set of contacts from 

closing while other set of contacts is 
closed. 

Air blast circuit breaker uses dry com¬ 
pressed air. (Yes/No) 

Air circuit breakers are used for voltage 
above 10 kV. (Yes/No) 

An . does not have any current 

making or current breaking capacity. 
An isolator is always operated normal¬ 
ly. (Yes/No) 

Non-linear resistors are used in lightn¬ 
ing resistors. (Yes/No) 

The damage caused by surge depends 

on.of the wave front. 

Frequency relays are used in generator 
protection. (Yes/No) 

Distance relay is used where time lag 
can be permitted. (Yes/No) 

Tripping relays are slow and generally 
attracting armature type. (Yes/No) 
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20 . 202 . 

20.203. 

20.204. 

20.205. 

20.206. 

20.207. 

20.208. 

20.209. 


20 . 210 . 

20 . 211 . 

20 . 212 . 

20.213. 

20.214. 

20.215. 

20.216. 

20.217. 

20.218. 

20.219. 

20 . 220 . 
20 . 221 . 


Arcing ground is also known as . 

fault. 

A directional relay senses. 

Isolators are mainly used for providing 

disconnection for. 

Current breakers are generally over¬ 
hauled every three years. (Yes/No) 
Trip circuit is normally a part of circuit 
breakers. (Yes/No) 

The time interval between occurance of 
fault and closure of relay contacts is 
known as. 

The time interval between closure of 
trip circuit and final arc interruption is 
known as breaker time. (Yes/No) 

Most of the alternators are provided 
with Buchholz relay in addition to dif¬ 
ferential protection. (Yes/No) 

Short-circuit tests are conducted on cir¬ 
cuit breakers to prove the ratings of the 
circuit-breaker. (Yes/No) 

Core balance current transformers are 

used for.protection. 

In oil circuit breakers transformer oil is 
used. (Yes/No) 

Arcing contacts of circuit breakers are 
generally made of copper tungsten 
alloy. (Yes/No) 

In electromagnetic relays the restrain¬ 
ing torque is given by. 

All A.C. power systems of to-day operate 
with solid grounding. (Yes/No) 

The holding ratio of a relay is usually 
more than one. (Yes/No) 

Loss of excitation may cause a gene¬ 
rator to run as induction generator. 

(Yes/No) 

Alarm relays initiate 
Selectivity is the property by virtue of 
which the protective relaying system 
distinguishes between normal condi¬ 
tion and abnormal condition. (Yes/No) 
For a round wire the approximate value 

of fusing current is given by : / =.. 

The ratio of minimum fusing current 
and the current rating of fuse element 
is known as.factor. 


20.222. The value of fusing factor is always 

greater than. 

20.223. The maximum value to which the fault 

current reaches before the fuse melts is 
called the.current. 

20.224. Arcing-time is the time accounted from 

the instant of arc initiation to the ins¬ 
tant of arc being extinguished or the arc 
current becomes zero. (Yes/No) 

20.225. capacity of a fuse is the rating 

corresponding to the r.m.s. value of the 
A.C. component of the maximum pros¬ 
pective current and the system voltage. 

20.226. In . relays the operation depends 

upon the ratio of the voltage to the 
current. 

20.227. A.relay operates when some specified 

phase or magnitude difference between 
the two or more electrical quantities 
occurs. 

20.228. Directional or reverse power relay 
operates when the applied current and 
voltage assume specified phase dis¬ 
placement and no compensation is al¬ 
lowed for fall in voltage. (Yes/No) 

20.229. By placing a fuse in parallel with an 

instantaneous or definite time lag relay 
it can be made as.time lag relay. 

20.230. A Buchholz relay is a form of.. relay. 

20.231. A.relay is practically universally 

used on all oil imm ersed transformers 
having rating more than 750 kVA. 

20.232. A Buchholz relay is used in connection 
with some forms of electrically operated 
protective gear, because it provides 

protection only against . internal 

faults and does not respond to external 
bushing or cable connection faults. 

20.233. Induction type reverse power relays are 

very suitable for protection of . 

feeders. 

20.234. Almost any type of relay, when con¬ 

nected in a particular way, can be made 
to operate as.relay. 

20.235. Translay relays are employed for feeder 

protection. (Yes/No) 
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20.19 


20.236. 


20.237. 


20.238. 


20.239. 


20.240. 


The most common form of protection 20.241. 

used for stator winding faults is . 

protection operating on the principle of 20.242. 
differential circulating current protec¬ 
tion. 20.243. 

.protection is now widely used on 

large rating transformers for the pur- 20.244. 


pose of protection against transformer 20.245. 
internal faults. 

Core-balance leakage protection is used 20.246. 

to provide protection against earth 

faults of low voltage winding. 20.247. 

(Yes/No) 

Over-load protection system can be 20.248. 
used for protection of any equipment or 

line against the current.them pre- 20.249. 

determined one. 

Reverse power protection system is 
employed in interconnected system for 20.250. 
generating units or stations. (Yes/No) 


In a shunt relay, less the air gap. 

will be voltage to operate the conductor. 
Kiosik is an indoor type switchgear. 

(Yes/No) 

D.C. relays are.in operation than 

A.C. relays. 

Power factor of an arc is. 

Movable member of iron circuit of a 

relay is called. 

Phase fault is Iine-to-line fault. 

(Yes/No) 

The grounding is generally at the. 

end. 

Isolators operate under no-load condi¬ 
tions. (Yes/No) 

A sudden short-circuit in an A.C. sys¬ 
tem causes a fall in current in the short- 
circuited phase. (Yes/No) 

Arcing ground is also known as earth. 

(Yes/No) 


ANSWERS 

(Switchgear Protection) 

A. Choose the Correct Answer: 


20.1. ( d) 

20.6. (c) 

20.11. (e) 

20.16. (d) 

20.21. (d) 

20.26. (d) 

20.31. (d) 

20.36. (a) 

20.41. (a) 

20.46. (c) 

20.51. (e) 

20.56. (d) 

20.61. (c) 

20.66. (6) 

20.71. (6) 
20.76. (b) 

20.81. (d) 

20.86. (a) 

20.91. (a) 

20.96. (c) 

20.101. (c) 


20.2. (d) 

20.7. (c) 

20.12. (e) 

20.17. (d) 

20.22. (d) 

20.27. (a) 

20.32.(6) 

20.37. (a) 

20.42. (a) 

20.47. (6) 

20.52. (d) 

20.57. (d) 

20.62. (6) 

20.67. (d) 

20.72. (d) 
20.77. (a) 

20.82. (6) 

20.87. (6) 

20.92. (a) 

20.97. (d) 

20.102. (d) 


20.3, (c) 

20.8. (c) 

20.13. (6) 

20.18. (a) 

20.23. (6) 

20.28. (c) 

20.33. (d) 

20.38. (c) 

20.43. (c) 

20.48. (d) 

20.53. (d) 

20.58. (a) 

20.63. (d) 

20.68. (6) 

20.73. (a) 
20.78. (a> 

20.83. (6) 

20.88. (6) 

20.93. (d) 

20.98. (6) 

20.103. (c) 


20.4. (a) 
20.9. (d) 
20.14. (6) 
20.18. (a) 
20.24. (a) 
20.29. (c) 
20.34(d) 
20.39. (d) 
20.44. (c) 
20.49. (c) 
20.54. (a) 
20.59. (e) 
20.64. (a) 
20.69. (c) 
20.74. (6) 
20.79. (a) 
20.84. (a) 
20.89. (a) 
20.94. (a) 
20.99. (c) 


20.5. (c) 
20.10. (a) 
20.15. (c) 
20.20. (c) 
20.25. (c) 
20.30, (a) 
20.35. (<z) 
20.40. (d) 
20.45. (d) 
20.50. (c) 
20.55. (c) 
20.60. (a) 
20.65. (a) 
20.70. (e) 
20.75. (a) 
20.80.(6) 
20.85. (6) 
20.90: (c) 
20.95. (c) 
20.100. (a) 
20.105. (6' 


20.104. (c) 
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20.106. 

(a) 

20.107. {d) 

20.108. (b) 

20.109. (a) 20.110. (d) 

20.111. 

id) 

20.112. (d) 

20.113. (d) 

20.114. (c) 20.115. (6) 

20.116. 

(b) 

20.117. (c) 

20.118. (a) 

20.119. (c) 20.120. (d) 

20.121. 

(b) 

20.122. (a) 

20.123. (a) 

20.124. (a) 20.125. (6) 

20.126. 

(d) 

20.127. (d) 

20.128. (a) 

20.129. (d) 20.130. (a) 

20.131. 

(c) 

20.132. (a) 

20.133. (a) 

20.134. (a) 20.135. (a) 

20.136. 

(d) 

20.137. (e) 

20.138. (a) 

20.139. (a) 20.140. (6) 

20.141. 

(a) 

20.142. (b) 

20.143. ( d ) 

20.144. (a) 20.145. (6) 

20.146. 

id) 

20.147. (a) 

20.148. (d) 

20.149. (a) 20.150. id) 

20.151. 

(d) 

20.152. (d) 

20.153. (a) 

20.154. (6) 20.155. (6) 

20.156. 

(b) 

20.157. (c) 

20.158. (c) 

20.159. (d) 20.160. (a) 

B. Fill 

in the Blanks/Say Tes’ or 

‘No’: 


20.161. 

switchgear 


20.162. outdoor, indoor 

20.163. Yes 

20.164. 

inter connected 

20.165. over 

20.166. Yes 

20.167. 

reactor 


20.168. localise 

20.169. inadequate 

20.170. 

No 


20.171. Yes 

20.172. generator 

20.173. 

feeder 


20.174. Yes 

20.175. Switch 

20.176. 

Circuit breakers 

20.177. High 

20.178. Low 

20.179. 

arc 


20.180. Yes 

20.181. reclosers 

20.182. 

Fuse 


20.183. silver 

20.184. Fusing 

20.185. 

electrically 


20.186. should not 

20.187. inverse time 

20.188. 

Yes 


20.189. instantaneous 

20.190. arc 

20.191. 

time delay 


20.192. Interlock 

20.193. Yes 

20.194. 

No 


20.195. isolator 

20.196. No 

20.197. 

Yes 


20.198. steepness 

20.199. Yes 

20.200. 

No 


20.201. No 

20.202. earth 

20.203. 

power 


20.204. maintenance 

20.205. Yes 

20.206. 

Yes 


20.207. relay time 

20.208. Yes 

20.209. 

No 


20.210. Yes 

20.211. earth fault 

20.212. 

Yes 


20.213. Yes 

20.214. springs 

20.215. 

No 


20.216. No 

20.217. Yes 

20.218. 

alarm 


20.219. Yes 

20.220. Kd 3/2 

20.221. 

fusing 


20.222. unity 

20.223- cut-off 

20.224. 

Yes 


20.225. Breaking 

20.226. distance 

20.227. 

differential 


20.228. Yes 

20.229. inverse 

20.230. 

thermal 


20.231. Buchholz 

20.232. transformer 

20.233. 

parallel 


20.234. differential 

20.235. Yes 

20.236. 

Merz-price 


20.237. Buchholz 

20.238. No 

20.239. 

more 


20.240. Yes 

20.241. lower 

20.242. 

No 


20.243. slower 

20.244. unity 

20.245. 

armature 


20.246. Yes 

20.247. supply 

20.248. 

Yes 


20.249. No 

20.250. Yes. 


□ □ 
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Cables 


K 

21.1. GENERAL CONSTRUCTION OF CABLE 


The underground cable employed for transmission of power at high voltage consists of the 
following: 

— One central core or number of cores (two, three or four) of tinned stranded copper 
conductors (sometiines use of aluminium conductor is also made) insulated from each 
other by paper or varnished cambric or vulcanised bitumen or impregnated paper. 

— A metallic sheath of lead or alloy or aluminium is provided around the insulation to protect 
it against ingress of moisture, 

— For the protection of metallic sheath against corrosion and from mechanical injury from 
the armouring a layer of bedding consisting of paper tape compounded with a fibrous 
material is provided over the metallic sheath. Also sometimes jute stands or hessian tape 
is also used for bedding. 

— Over the layer of bedding armouring consisting of one or two layers of galvanised steel 
wire is provided to save the cable from mechanical injury and over the armouring a layer 
of fibrous material similar to that of bedding known as serving is provided in order to 
protect the armouring. 

21.2. INSULATING MATERIALS FOR CABLES 

Properties of Insulating Materials for Cables 

1. High resistivity 2. High dielectric strength 

3. Low thermal co-efficient 4. Low water absorption 

5. Low permittivity 6. Non-inflammable 

7. Chemical stability 8. High mechanical strength 

9. High viscosity at impregnation temperature 

10. Capability to withstand high rupturing voltages 

11. High tensile strength and plasticity 

The various insulating materials used in manufacture of cables are : 

1. Rubber 2. Vulcanised India Rubber (V.I.R.) 

3. Impregnated paper 4. Varnished cambric (or empire tape) 

5. Polyvinyl chloride 6. Gutta-percha 

7 Silk and cotton 8. Enamel insulation 


21.1 
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21-2 ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

21.3. CLASSIFICATION OF CABLES 

The cables, according to voltage, are classified as follows : 

1. Low voltage (or L.T.) cables .for operating voltage upto 1 kV. 

2. High voltage (or H.T.) cables .for operating voltage upto 11 kV. 

3. Supertension (S.T.) cables .for operating voltage upto 33 kV 

(a) //-type cables (6) S.L. type cables 

(c) H.S.L. types cables. 

4. Extra high tension (E.H.T.) cables for operating voltage upto 66 kV. 

5. Extra super voltage cables for operating voltage upto 132 kV. 

In order to meet the increased voltage demand the extra high tension and extra super voltage 
power cables useful for 132 kV and above have been developed. In such cables, the voids have been 
eliminated by increasing the pressure of the compound and that is why such cables are also called as 
pressure cables. 

Pressure cables are of the following two types : 

A. Oil filled cables 

.single core oil filled cables used upto 132 kV 

.three core oil filled cables used upto 66 kV. 

B. Gas pressure cables 

(i) External pressure cables 
(ii) Internal pressure cables 

1 — High pressure gas filled cables 
— Gas cushion cables 
— impregnated pressure cables. 

— Fig. 21.1 shows the cross-section of a three core high-voltage cable suitable for 33 kV. 
There are seven small diameter copper conductors in each core. These conductors are 
stranded together and covered with 
paper insulation. The three paper 
covered cores are enclosed in a belt 
insulation of impregnated paper. 

The jute or hemp fills the space bet¬ 
ween the outer insulation and the 
covered cores. Lead sheath covering 
the belt insulation provides proper 
protection to the cable from the ex¬ 
ternal agencies. The eddy current in 
the sheath is negligible because the 
inductive effects of the three cores 
enclosed in one sheath practically 
neutralise one another. 

— Some other important cables are 
shown in Figs. 21.2 to 21.5. 



Fig. 21.1. Three core high-voltage cable . 
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21.3 


Lead sheath 

Metallic 
screen 

Conductor 
Beading 

Paper . 
insulation 

Armouring 

Serving 
" cotton tape 

Fig. 21 2. S.L. Type Cable . 




Serving 
Lead sheath 


Paper 
insulation 
Conductors 
Lead sheath 


Fig . 21.3. Single , Core Conductor Channel 
Oil filled cable. 


Grooved sheath 
Oil ducts 



Conductor 


Fig. 21 4. Single Core Sheath Channel 
Oil Filled Cable. 


Bedding 

Lead sheath 

Oil duct 

Paper 

insulation 

Conductor 


Fig. 21.5. Three Core Filler Space 
'Channel Oil Filled Cable. 



21.4. INSULATION RESISTANCE OF A SINGLE CORE SHEATHED CABLE 

Insulation resistance ( R ) of a single core sheathed cable is given by the relation, 

~ R - 

where 


2nl loge r t 


...( 21 . 1 ) 


p = resistivity of dielectric, 
t'i = conductor radius, and 
7’2 = internal sheath radius. 

i.e the insulation resistance of the cable varies inversely as the length of the cable. 

The insulation resistance of a cable can be measured by the following two methods : 

1. Galvanometer method. This method is only sufficient to indicate whether the insulation is 
faulty or otherwise and cannot be regarded as a precise method. 

2. By meggar. A meggar is a portable and reasonably accurate form of resistance testing set. 

21,5. CAPACITANCE AND DIELECTRIC STRESS OF A SINGLE CORE CABLE 


Capacitance (C) of a single core cable is given by the relation, 

2n £n e r 

C= ~f F/m 


^ D 

l0ge d 


...( 21 . 2 ) 


where 


D = internal diameter of the sheath 
d — diameter of the core 

e r = relative permittivity of insulating material in between the core and the lead sheath. 
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2V 

Maximum potential gradient, g max - - jr volts/metre 

d logej 

•••(21.3.) 

2V 

Minimum potential gradient, g m i n - ~ volts/metre 

Ologg -J 

•••(21.4) 


21.6. GRADING OF CABLES 

The process of achieving uniformity in dielectric stress is known as grading of cables . 

Two methods of grading are : 

1. Capacitance gr'ading. In this method, the uniformity in dielectric stress is achieved by using 
various layers of different dielectrics in such a manner that the permittivity, e r of any layer is inversely 
proportional to its radius or distance from the centre. 

2. Inter sheath gr'ading. Here, a homogeneous dielectric is used, which is divided into various 
layers , by suitably placing the metallic intersheaths. 

The modern trend is to avoid grading as far as possible and employ oil filled or gas pressure 

cables. 

21.7. METHODS OF LAYING OF UNDERGROUND CABLES 

The three methods of laying underground cables are : 

1. Direct laying . This method is simple and cheap. 

2. Draw-in-system. Used in congested areas where excavation is expensive and inconvenient. 

3. Solid, system. This method is rarely used because of high cost. 


OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer : 

21.1. The insulating material for cable 
should have 

(a) low cost 

(b) high dielectric strength 

(c) high mechanical strength ^ • . 

(d) all of the above 

21.2. Which of the following protects a cable 
against mechanical injury ? 

(a) Bedding ( b) Sheath 

(c) Armouring 

(d) None of the above 

21.3. Which of the following insulation is 
used in cables ? 

(a) Varnished cambric 

(b) Rubber (c) Paper 

( d ) Any of the above 

21.4. Empire tape is 

(а) varnished cambric 

(б) vulcanised rubber 


(i c) impregnated paper 
(d) none of the above 

21.5. The thickness of the layer of insulation 
on the conductor, in cables, depends 
upon 

(а) reactive power 

(б) power factor 

(c) voltage 

(d) current carrying capacity 

21.6. The bedding on a cable consists of 
(a) hessian cloth (b) jute 

(c) any of the above 

(d) none of the above 

21.7. The insulating material for cables 
should 

(a) be acid proof 

(b) be non-inflammable 

(c) be non-hygrcscopic 

(d) have all above properties 
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21.8. In a cable immediately above metallic 

sheath.is provided. 

(a) earthing connection 

(b) bedding (c) armouring 

(d) none of the above 

21.9. The current carrying capacity of cables 
in D.C. is more than that in A.C. mainly 
due to 

(а) absence of harmonics 

(б) non-existence of any stability limit 

(e) smaller dielectric loss 

(d) absence of ripples 

( e ) none of the above 

21.10. In case of three core flexible cable the 
colour of the neutral is 

(a) blue (b) black 

(c) brown 

(d) none of the above 

21.11.cables are used for 132 kV lines. 

(a) High tension (6) Super tension 

(c) Extra high tension 

( d ) Extra super voltage 

21.12. Conduit pipes are normally used to 

protect.cables. 

(а) unsheathed cables 

(б) armoured 

(c) PVC sheathed cables 

(d) all of the above 

21.13. The minimum dielectric stress in a 
cable is at 

{a) armour (b) bedding 

(c) conductor surface 

(d) lead sheath 

21.14. In single core cables armouring is not 
done to 

(a) avoid excessive sheath losses 

(b) make it flexible 

(c) either of the above 

(d) none of the above 

21.15. Dielectric strength of rubber is around 

(a) 5 kV/mm (6) 15 kV/mm 

(c) 30 kV/mm (d) 200 kV/mm 

21.16. Low tension cables are generally used 
upto 

(a) 200 V (6) 500 V 

(e) 700 V" (d) 1000 V 

21.17. In a cable, the maximum stress under 
operating conditions is at 

(a) insulation layer 


(6) sheath (c) armour 

(d) conductor surface 

21.18. High tension cables are generally used 
upto 

(a)llkV (6) 33 kV 

(c) 66 kV (d) 132 kV 

21.19. The surge resistance of cable is 

(a) 5 ohms (6) 20 ohms 

(c) 50 ohms (d) 100 ohms 

21.20. PVC stands for 

(a) polyvinyl chloride 

( b) post varnish conductor 

(c) pressed and varnished cloth 

(d) positive voltage conductor 

(e) none of the above 

21.21. In the cables, the location of fault is 
usually found out by comparing 

(а) the resistance of the conductor 

(б) the inductance of conductors 

(c) the capacitances of insulated con¬ 
ductors 

(d) all above parameters 

21.22. In capacitance grading of cables we use 

a.dielectric. 

(a) composite (6) porous 
(c) homogeneous (d) hygroscopic 

21.23. Pressure cables are generally not used 
beyond 

(a) 11 kV (6) 33 kV 

(c) 66 kV (d) 132 kV 

21.24. The material for armouring on cable is 
usually 

(а) steel tape 

(б) galvanised steel wire 

(c) any of the above 

(d) none of the above 

21.25. Cables, generally used beyohcE66 kV 
are 

(a) oil filled (b) S.L. type 

(c) belted (d) armoured 

21.26. The relative permittivity of rubber is 

(а) between 2 and 3 

(б) between 5 and 6 

(c) between 8 and 10 

(d) between 12 and 14 

21.27. Solid type cables are considered unreli¬ 
able beyond 66 kV because 

(a) insulation may melt due to higher 
temperature 
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(b) skin effect dominates on the conduc¬ 
tor 

(c) of corona loss between conductor 
and sheath material 

{d) there is a danger of breakdown of 
insulation due to the presence of 
voids 

21.28. If the length of a cable is doubled, its 
capacitance 

(a) becomes one-fourth 

(b) becomes one-half 

(c) becomes double 

(d) remains unchanged 

21.29. In cables the charging current 

(a) lags the voltage by 90° 

(b) leads the voltage by 90° 

(c) lags the voltage by 180° 

(d) leads the voltage by 180° 

21.30. A certain cable has an insulation of 
relative permittivity 4. If the insulation 
is replaced by one of relative permit¬ 
tivity 2, the capacitance of the cable will 
become 

(a) one half (6) double 

(c) four times ( d) none of the above 

21.31. If a cable of homogeneous insulation 
has a maximum stress of 10 kV/mm, 
then the dielectric strength of insula¬ 
tion should be 

(a) 5 kV/mm (6) 10 kV/mm 
(c) 15 kV/mm (d) 30 kV/mm 

21.32. In the cables, sheaths are used to 

(а) prevent the moisture from entering 
the cable 

(б) provide enough strength 

(c) provide proper insulation 

(d) none of the above 

21.33. The intersheaths in the cables are used 
to 

(a) minimize the stress 
(fo) avoid the requirement of good in¬ 
sulation 

(c) provide proper stress distribution 

( d ) none of the above 

21.34. The electrostatic stress in underground 
cables is 

(a) same at the conductor and the 
sheath 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(6) minimum at the conductor and 
maximum at the sheath 

_(c) maximum at the conductor and 

minimum at the sheath 

(d) zero at the conductor as well as on 
the sheath 

(e) none of the above 

21.35. The breakdown of insulation of the 
cable can be avoided economically by 
the use of 

(a) inter-sheaths 

(b) insulating materials with different 
dielectric constants 

(c) both (a) and (b) 

(d) none of the above 

21.36. The insulation of the cable decreases 
with 

(a) the increase in length of the insula¬ 
tion 

( b ) the decrease in the length of the 
insulation 

(c) either (a) or (6) 

(d) none of the above 

21.37. A cable carrying alternating current 
has 

(а) hysteresis losses only 

(б) hysteresis and leakage losses only 

(c) hysteresis, leakage and copper los¬ 
ses only 

(d) hysteresis, leakage, copper and fric¬ 
tion losses 

21.38. In a cable the voltage stress is maxi¬ 
mum at 

(a) sheath (b) insulator 

(c) surface of the conductor 

(d) core of the conductor 

21.39. Capacitance grading of cable implies 

(a) use of dielectrics of different per¬ 
meabilities 

(b) grading according to capacitance of 
cables per km length 

(c) cables using single dielectric in dif¬ 
ferent concentrations 

(d) capacitance required to be intro¬ 
duced at different lengths to counter 
the effect of inductance 

(e) none of the above 
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21.40. Underground cables are laid at suffi¬ 
cient depth 

(a) to minimise temperature stresses 

( b ) to avoid being unearthed easily due 
to removal of soil 

(c) to minimise the effect of shocks and 
vibrations due to passing vehicles, 
etc. 

(< d) for all of the above reasons 

21.41. The advantage of cables over overhead 
transmission lines is 

(а) easy maintenance 

(б) low cost 

(c) can be used in congested areas 

(d) can be used in high voltage circuits 

21.42. The thickness of metallic shielding on 
cables is usually 

(a) 0.04 mm (6) 0.2 to 0.4 mm 

(c) 3 to 5 mm ( d ) 40 to 60 mm 

21.43. Cables for 220 kV lines are invariably 

(a) mica insulated ( b ) paper insulated 

(c) compressed oil or compressed gas 
insulated 

(d) rubber insulated 

( e ) none of the above 

21.44. Is a cable is to be designed for use on 
1000 kV, which insulation would you 
prefer ? 

(a) Polyvinyle chloride 
( d !) Vulcanised rubber 

(c) Impregnated paper 

(d) Compressed SFq gas 

(e) none of the above 


21.45. If a power cable and a communication 
cable are to run parallel the min im um 
distance between the two, to avoid inter¬ 
ference, should be 

(a) 2 cm (6) 10 cm 

(c) 50 cm ( d ) 400 cm 

21.46. Copper as conductor for cables is used 
as 

(a) annealed 

(b) hardened and tempered 

(c) hard drawn 

( d ) alloy with chromium 

21.47. The insulating material should have 

(а) low permittivity 

(б) high resistivity 

(c) high dielectric strength 

(d) all of the above 

21.48. The advantage of oil filled cables is 

(a) more perfect impregnation 

(b) smaller overall size 

(c) no ionisation, oxidation and forma¬ 
tion of voids 

(d) all of the above 

21.49. The disadvantage with paper as in- 
sulatingmaterial is 

(а) it is hygroscopic 

(б) it has high capacitance 

(c) it i$ an organic material 

(d) nolle of the above 

21.50. The breakdown voltage of a cable 
depends on 

(а) presence of moisture 

(б) working temperature 

(c) time of application of the voltage 

(d) all of the above 


B. Fill in the blanks/Say "Yes' or ‘No’: 


21.51. 

It is difficult to maintain oil filled cables. 

21.57. 


(Yes/No) 


21.52. 

Insulation resistance can be measured 

by. 

21.58. 

21.53. 

Enamel insulation is liable to. 

21.59. 

21.54. 

The operating voltage for low tension 
cables is upto. 

21.60. 

21.55. 

The multicore cables for use upto 11 kV 
are of.type. 

21.61. 

21.56. 

//-type cables are used up to. 



The disadvantage of S.L. type cable is 
that the manufacturing is difficult be¬ 
cause of.lead sheaths. 

Single core oil filled cables can be used 
upto. 

The.strength of the cable depends 

upon the maximum stress it can bear. 
In capacitance grading a homogeneous 
dielectric is used. (Yes/No) 

The insulation resistance of a single 

core sheathed cable varies . as the 

length of the cable. 
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21.62. In single core cables copper used is. 

copper. 

21.63. The process of achieving uniformity in 

dielectric stress is known as . of 

cables. 

21.64. In.grading method of cable grading 

a homogeneous dielectric is used, which 
is divided into various layers, by suitab¬ 
ly placing the metallic intersheaths. 

21.65. Grading is only useful for very high 

voltage cables for which ratio D/d is. 

21.66. The capacitance of a cable is of much 
greater importance than that of an 
overhead line of the same length. 

(Yes/No) 

21.67. In congested areas where excavation is 

expensive and inconvenient ‘draw in 
system’ of laying of underground cables 
is often adopted. (Yes/No) 

21.68 . system of laying underground 

cables is rarely used because of its high 
cost. 

21.69 . gas is often used in external 

presssure cables. 

21.70. Natural rubber is obtained from milky 

sstp of tropical trees. (Yes/No) 

21.71. The conductor of cables is usually. 

21.72. The purpose of providing the . is 

to protect the metallic sheath from 
mechanical injury from the armouring. 

21.73. In cables over and above armouring 

a layer of fibrous material is again 
provided which is similar to that of 
bedding but is called as. 

21.74. Rubber is most commonly used insula¬ 
tion in cables. (Yes/No) 

21.75. Polyethylene has very poor dielectric 


21.76. 


21.77. 


21.78. 


21.79. 

21.80. 

21.81. 

21.82. 

21.83. 

21.84. 

21.85. 

21 . 86 . 

21.87. 

21 . 88 . 

21.89. 

21.90. 


A. Choose the Correct Answer : 


21.1. (d) 

21 . 6 . (c) 
21.11. (d) 
21.16. (d) 


21 . 2 . (c) 

21.7. (d) 
21 . 12 . (a) 
21.17. (d) 


ANSWERS 

(Cables) 


21.3. (d) 
21 . 8 . ( 6 ) 
21.13. (d) 
21.18. (a) 


and ageing properties. (Yes/No) 

Normal life of a cable is expected to be-* 
15 years. (Yes/No) 

The metallic sheath may be made of 
lead or lead alloy or of aluminium. 

(Yes/No) 

The high tension cables are so designed 
that the ionization effects are maxi¬ 
mum. (Yes/No) 

The belted cables are not suited for H.T. 
potentials. (Yes/No) 

In the belted cables the dielectric does 
not remain homogeneous and may 
result into formation of voids. (Yes/No) 
Cables can be generally Used upto 11 
kV. (Yes/No) 

In a three core cables the colour of the 
neutral is red. (Yes/No) 

The surge resistance of cables is about 
10 ohms. (Yes/No) 

Minimum distance of cable from the 
foundation of the building should be 10 
m. (Yes/No) 

When a cable is to cross a road, it should 
be laid in pipes or conduits. 

(Yes/No) 

The size of the conductor of power 
cables depends on the type of insula¬ 
tion. (Yes/No) 

Insulation resistance of cables is usual¬ 
ly measured in terms of.ohm§. 

Relative permittivity of rubber is 8. 

(Yes/No) 

The thickness of metallic shielding on 
cables is usually 0.5 mm. (Yes/No) 
Sheaths are provided in cables for 
reducing capacitance. (Yes/No) 


21.4. (a) 
21.9. (c) 
21.14. (a) 
21.19. (c) 


21.5. (c) 
21 . 10 . (a) 
21.15. (c) 
21 . 20 . (a) 
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21.21. 

(e) 

21.22. 

(a) 

21.23. 

(0 

21.24. 

(c) 

21.25. 

(a) 

21.26. 

(a) 

21.27. 

(d) 

21.28. 

(c) 

21.29. 

(b) 

21.30. 

(a) 

21.31. 

(b) 

21.32. 

(a) 

21.33. 

(c) 

21.34. 

(c) 

21.35. 

(c) 

21.36. 

(a) ' 

21.37. 


21.38. 

■(d) 

21.39. 

(a) 

21.40. 

(c) 

21.41. 

(0 

21.42. 

(c) 

21.43. 

(c) 

21.44. 

(d) 

21.45. 

(c) 

21.46. 

(a) 

21.47. 

(d) 

21.48. 

(d) 

21.49. 

(a) 

21.50. 

(d) 


B. Fill in the Blanks/Say Tes’ or ‘No’: 


21.51. 

Yes 

21.52. 

meggar 

21.53. 

crack 

21.54. 

lkV 

21.55. 

belt 

21.56. 

66 kV 

21.57. 

thinner 

21.58. 

132 kV 

21.59. 

breakdown 

21.60. 

No 

21.61. 

inversely 

21.62. 

tinned stranded 

21.63. 

grading 

21.64. 

intersheath 

21.65. 

large 

21.66. 

Yes 

21.67. 

Yes 

21.68. 

Solid 

21.69. 

Nitrogen 

21.70. 

Yes 

21.71. 

stranded 

21.72. 

No 

21.73. 

serving 

21.74. 

Yes 

21.75. 

No 

21.76. 

Yes 

21.77. 

Yes 
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21.78. No 

21.79. Yes 

21.80. Yes 

21.81. No 

21.82. No 

21.83. No 

21.84. No 

21.85. Yes 

21.86. No 

21.87. mega 

21.88. No 

21.89. No 

21.90. No 


□ □ 
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Electrical Engineering Materials 

22.1. INTRODUCTION TO ENGINEERING MATERIALS 

— Engineering materials are classified as: (i) Metals , and (ii) Non-metals . Metals are further 
subdivided as : ( i ) Ferrous metals and alloys, and (ii) Non-ferrous metals and alloys . 

— The important properties of materials are : 

(i) Physical properties (ii) Mechanical properties 

(iii) Electrical properties (iv) Magnetic properties 

(u) Chemical properties. 

— Electrical engineering materials can be classified as : 

(i) Conductors (ii) Semi-conductors 

(iii) Insulators (or dielectrics) (it>) Magnetic materials. 

— Resistivity is that electrical property of a material due to which it resists the flow of 
electricity through it. 

Conductivity is the reciprocal of electrical resistivity. 

— Dielectric strength means the insulating capacity of a material against high voltages . 
— Thermo-electric effect forms the basis of thermocouple operation. 

— Super conductivity is the phenomenon of abrupt drop of resistivity of some metals at 
a temperature called superconducting transition temperature. 

Superconductivity state can be abolished by the application of external magnetic field or 
produced by a sufficiently large current flowing through the conductor. 

Those materials in which state of magnetisation can be induced and called “magnetic 
materials” . The magnetic properties of materials arise from the spin of electrons and the orbital 
motion of electrons around the atomic nuclei. 

22.2. STRUCTURE OF ATOMS AND MOLECULES 

— An element is defined as a substance which cannot be decomposed into other substances. 
— All substances are made up of atoms. Each atom consists of the following : 

(i) Nucleus (ii) Electrons. 

Nucleus is at the centre of the atom. It is positively charged and comprises of protons and 
neutr'ons. Its diameter is ^qqqq ^ as a whole. An electron is a negatively charged particle 

present in an atom. A definite amount of energy is required to be spent in order to remove an electron 
from its orbit (level). 

22.1 
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The formula 2 n 2 (h being number of level, the first level being K) determines the number of 
electrons that can be accommodated in any level. The limitation to this formula is that the number 
of electrons in the outermost level of an atom cannot be more than 8. 

-— The tiny block formed by the arrangement of a small group of atoms is called the Unit cell. 

-— A space lattice is defined as an array of points in three dimensions in which every point 
has surroundings identical to that of every other point in the array. 

— Co-ordination number is defined as the number of nearest atoms which are directly 
surrounding a given atom. 

— Atomic radius is defined as half the distance between nearest neighbours in a crystal 
of pure element. 

— Atomic packing factor (AP.F.) is defined as the ratio of the volumes of atoms per unit cell 
to the total volume occupied by unit cell. 

— Primary bonds (or chemical bond^s) are the strongest bonds between atoms which can be 
further subdivided as follows : 

(i) Ionic (or electrostatic) bonds (ii) Covalent (or atomic or homopolar) bonds 

(Hi) Metallic bonds. 

— Secondary (or molecular) bonds : Attraction forces (also called Vander Waals forces) 
exist between atoms or molecules. These bonds are weaker than primary bonds. 

— If an electron is required to remove from the Fermi level and take it out of the metal some 
energy is required to do so. This is called work function apd is equal to the energy which 
is normally increased when a electron is removed from the surface of the metal . 

22*3. CONDUCTING MATERIALS 

— A conductor of electricity is any substance or material which will afford continuous 
passage to an electric current when subjected to a difference of potential, the greater the 
density of current for a given potential difference, the more efficient the conductor is said 
to be. 

— Specific resistance or resistivity of the material may be defined as “the resistance 
between the opposite faces of a cm cube of that material.” It is usually represented by p. 

— Materials of high conductivity are employed for making conductors for all kinds of 
windings required in electrical machines, apparatus and devices, as well as for transmis¬ 
sion and distribution of electrical energy. Important materials of this class are : Copper , 
Aluminium and Copper base alloys . Weldability and solderability are the most important 
properties of copper. 

— Important materials of high resistivity are : Tungsten, Carbon, Nichrome or Brightray 
B, Nichrome Vor Brightray C, Manganin, Constantan or Eureka, German or nickel silver 
or electrum, Nirosta, Fechral, ChromaL 

— Materials for lamps filaments : Carbon, Tantalum and Tungsten. 

— Material used for transmission lines : Cadmium copper materials, copper weld 
materials, phosphor bronze materials, galvanized steel materials, galvanized iron, steel 
cored copper, steel cored aluminium materials. 

— Some of the commonly used materials for making bimetallic strips are : 

Iron, nickel, constantan High co-efficient of expansion 

Alloy of iron and nickel Low co-efficient of expansion. 
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— Metals for lightly loaded contacts : Platinum, Palladium, Gold, Tungsten, Molybdenum, 
Rhodium, cermets. 

— Metals and alloys for fuses : Lead and tin, copper, silver, Rose’s alloy, Wood’s alloy. 

— The possible thermocouples are : constantan iron couple, constantan copper couple, 
copel, Alumel, Cromel, Gopper copel couple, rhodium couple, Iron copel thermocouples, 
cromel alumel couple, cromel copel thermocouple. 

— Direct currents distribute themselves uniformly over the cross-section of the conductor 
and therefore use the centre of conductor just as effectively as they use the periphery. 
Alternating currents, however, owing to inductance effects within the conductor, crowd 
toward the outside of the conductor. This behaviour is known as ‘skin effect’. 

— When the conductors which carry alternating currents are run very close together, i.e. , in 
a multiconductor cable or a conduit, a phenomenon similar to skin effect occurs ; the 
current distribution in each conductor is distributed by" th^ currents in the adjacent 
conductors. This phenomenon is known as ‘Proximity effect’. 

— The mobility of electrons can be determined by knowing the conductivity of the material 
and estimating the number of free electrons. 

All the collision processes occur in g in the electron gas can be explained through 
relaxation time. The collision are caused by thermal or structural imperfections in the 
lattice. 

— Thermionic emission is the process of electron emission from the surface of the metal 
into surrounding space by heating the material.— Photoelectric equation is given by 

hf - W + rrw 1 

A 

where hf = total energy content of a single quantum of light incident on a metal surface 
7i’ is called Planck’s constant. 

W = work function 
m - mass of an electron 
v = velocity of an electron 

— On the basis of free electron model the electrical conductivity (a) of metal is given by : 

ne\ 

a =- 

mv 

where h - mean free path (= vx) 

v = mean velocity of electrons 
N = number of electrons 
m = mass of an electron 

■ — At very low temperature, some metals acquire zero electrical resistance and zero magnetic 
induction ; the property known as superconductivity. 

The transition from the superconducting state to conducting state is reversible. 
Important superconducting elements : Aluminium, zinc, cadmium, mercury, lead. 

Typical superconducting compounds and alloys : Pb 2 Au, PbTl 2 , SnSb, CuS, NbN, NboN, 
NbB and ZrC. 

22.4. SEMICONDUCTING MATERIALS 

— Semiconductors are solid materials, either non-metallic elements or compounds, which 
allow electrons to pass through them so that they conduct electricity in much the same 
way as a metal. 
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— Conduction electrons are those valence electrons which have gained enough energy to 
take part in conduction of electricity through a solid. 

— Valence band is the band of energy occupied by valence electrons. It is the highest 
occupied band and it may be completely or partially filled with electrons. 

— Conduction band is the higher energy band to the valence band. It is occupied by 
conduction electrons. It may be empty or partially filled. It is the lowest unfilled or 
unoccupied energy band. 

— Insulators are those materials which (i) have full valence band, (») have an empty 
conduction band, and (Hi) have a large energy gap between the valence and conduction 
band. 


— Conductors are those materials which have overlapping valence and conduction bands. 
Conduction takes place with the help of conduction electrons. 

— Semiconductor materials have (i) almost empty conduction band, (ii) almost filled 
valence band, and (m) narrow energy gap between the two. 

— Intrinsic semiconductors are those which are made of the semiconductor material in 
its extremely pure form. Their current is due to the movement of electrons and holes whose 
number is equal. 

Current I = n\e (p e + EA 
= n\e (\i e + \ih)AV/l 
Conductivity, a = n\e (\i e + 

Current density J = n\e (p e 4- m) E = a E 
where n\ = density of free electrons in an intrinsic semiconductor 
e = electron charge 
\i e = electron mob y 
= hole mobility 
E - applied electric field 
A = conductor cross-section 

V = voltage applied across the two ends of the conductor. 

— Extrinsic or impurity semiconductors are those intrinsic semiconductors to which 
some suitable impurity or doping agent has been added in extremely small amount (about 
1 part in 100 million) 

Extrinsic semiconductors can be of two types depending on the doping agent 

(i) N-type extrinsic semiconductors are those intrinsic or pure crystals which have been doped 
by a pentavalent element like antimony etc. In such semiconductors, conduction is mostly 
by electrons. 

o n = e(n n ii e + p n Ea « n n e\i e neglecting hole density 
J = n n e\i e E. 

where n n and p n represent the electron and hole densities is the AT-type semiconductor 
after doping. 

(ii) P-type extrinsic semiconductors are those intrinsic semiconductors which have been doped 
by a trivalent element like boron. In such semiconductors, conduction is mostly by means 
of hole movement. 


o p = e(n p \i e + p p p/J « p p e\i h neglecting electron density 

J=P p e\*hE- 
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where n p and p p represent the electron and hole densities in a P-type semiconductor afte'r 
doping. 

— A P-N junction diode consists of a piece of germanium, one half of which is doped with 
P-type material and the other half with N-type material . 

— A transistor consists of two P-N junction diodes placed back to back. It may be of P-N-P 
type or N-P-N type. 

— When a current carrying conductor is placed in a magnetic field, a transverse effect is 
noted. This effect is called the ‘Half effect*. 

— The change of resistance in a magnetic field is called the ‘magnetoresistance effect’. 
There is an increase in resistance of a conductor when a magnetic field is applied. 

22.5. INSULATING MATERIALS 

— ‘Electrical insulating materials’ are defined as materials which offer a very large 
resistance to flow of current, and for that reason they are used to keep the current in its 
proper path along the conductor. 

— ‘Thermoplastic materials’ are those which soften on the application of heat, with or 
without pressure but they require cooling to set them to shape. 

— ‘Thermosetting materials’ are those plastics which require heat and pressure to 
mould them into shape. 

— ‘Insulating varnishes’ ate generally classified according to composition as “oil 
varnishes” and “spirit varnishes”. 

— The electrical insulating films comprise a group of thin flexible insulating materials made 
from various polymers. 

— The function of insulating liquids is to provide electrical insulation ana neat transfer. 

— Transformer oil serves two purposes : 

(i) It transfers heat by convection from winding and core to the cooling surfaces. 

(if) It maintains the insulation of the windings. 

— Presence of even a trace of water in transformer oil reduces its insulation strength 
considerably. 

— ‘Sludge’formation produces the following effects : 

( i ) Rate of heat transfer is reduced. (ii) Ducts are clogged. 

(iii) Increase in operating temperature results. 

— The various tests which are carried out on transformer oil are given below : 

(i) Moisture test (ii) Acidity test 

(iii) Sludge resistance test (£u) Electric strength test. 

— If the gas is used in applications under high pressure which may cause liquification, 
chemical instability and corrosion problem may be encountered. Therefore insulating 
gases are normally used under conditions such that the liquification of gas does not occur. 

— Insulation resistance is the resistance between two conductors (or systems of conduc¬ 
tors) usually separated by insulating materials. It is the total resistance in respect of two 
parallel paths, one through the body and other over the surface of the body. 

— The potential gradient at which breakddwn occurs is termed as dielectric strength. 

— Dielectric constant C Permittivity ) is the ratio of the electric flux density in the material 
to that produced in free space by the same electric force. 
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— Dielectric hysteresis is defined as the lagging of the electric flux behind the electric 
force producing it so that under varying electric forces a dissipation of energy occurs, the 
energy loss due to this cause being called dielectric hysteresis loss. 

— Ageing is, in effect, the wearing out of an insulating material by reducing its resistance 
to mechanical injury. 


22.6. DIELECTRICS 


— Dielectric materials are essentially insulating materials. However while the function 
of an insulating material is to obstruct the flow of current, the function of dielectric material 
is to store electrical energy. 

— In solid dielectrics the following two types of currents are distinguished : 

(z) Volume leakage current (ii) Surface leakage current. 

— The dielectric power loss may be given by : 

P = 2nfCV 2 tan 6 watts 
where V = voltage (volts) 

C = actual capacitance of the dielectric (farads) 
tan 6 = dielectric loss tangent. 

— The intensity of the electric field at which breakdown occurs is called the ‘dielectric or 
electric strength 5 . 


Also, Dielectric strength = 


breakdown voltage 


thickness of the dielectric 
It is expressed in kV/cm or kV/mm. 

Elevation of temperature invariably reduces the dielectric strength. 

— In solid dielectrics three types of breakdown are possible : 

(i) Electro-thermal {ii) Electro-chemical 

(zzz) Purely electrical. 

— The quantity of heat given off by the solid dielectric to the cooler surrounding medium is 
directly pro port iohalto : 

(i) temperature difference ( ii ) thermal conductivity of dielectric 

(Hi) co-effxcient of heat transmission of the surface of the dielectric to the ambient medium. 


— ‘Flashover’ is an insulation failure by discharge between the electrodes over the surface 
of an insulator. 

—» When the dipoles are created the dielectrics is said to be polarised or in a state of 
polarisation. Polarisation is a vector quantity. 


22.7. FERROELECTRIC MATERIALS 

— A ferroelectric material contains small regions which are polarised in different direc¬ 
tions even in the absence of an electric field. 

— The temperature at which the permittivity has a sharply defined peak is called the curie 
point. 

— The spontaneous polarisation vanishes at curie temperature of the material. 

—, The Curie temperature arises in a material of high £ r , simply ”.s a result of contraction of 
the material on cooling. 
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— Capacitors with very high dielectric constants have been developed by treating BaTi 03 
in a reducing atmosphere. 

— The materials having permanent electric moment are called ‘electrets’. 

22S. MAGNETIC MATERIALS 

— Magnetic materials are those materials in which a state of magnetisation can be induced. 

— Magnetic susceptibility depends on the nature of the magnetic material and on its state, 
i.e., temperature etc. 

— Tfre~principal ferromagnetic elements are iron, cobalt, nickel. 

— The Curie-Weiss law states that 

x = Hr - 1 = for T>e f 

where % - susceptibility 

C = Curie temperature 
0 = paramagnetic Curie temperature. 

— When a ferromagnetic material is magnetised small changes in dimensions occur, the 
effect being known as ‘‘magnetostriction”. 

— Diamagnetism is the property of material due to which it, when placed in a magnetic 
field, becomes weakly magnetised in a direction opposite to the magnetisation of the 
external fields. Practically all organic substances are diamagnetic. 

— The magnetic properties of all ferromagnetic materials depend upon their chemical 
composition, mechanical working and heat treatment. The general effect of impurities is 
to decrease the permeability and increase the hysteresis loss. 

— Permanent-magnet materials may be grouped in five classes as follows : 

(i) Precipitation-hardened alloys (u) Quench-hardened alloys 

(Hi) Ceramic (iv) Iron powder compacts 

( v ) Work-hardened materials. 

— Iron losses if allowed to take place unchecked, not only reduce the efficiency of electrical 
equipment but also raise the temperature of the core. Hence these losses should be kept 
as small as is economically possible. 

— Total iron loss is given by the relation 

Pi = Ph+Pe 
= K h fB k 

max + Ke f 1 max watts per m 3 or per kg. 

where P; = total iron loss 
P^ = hysteresis loss 
P e = eddy current loss 
Kfr = hysteresis co-efficient 
f = frequency' 

B niax = maximum flux density 
k = Steinmetz co-efficient 
K e = constant-eddy currents. 
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— Magnetic hysteresis is defined as the lagging of magnetisation or induction flux density 
(B) behind the magnetising force ( H) or it is that quality of a magnetic substance due to 
which energy is dissipated in it on the reversal of its magnetism. 

— Ageing of a permanent magnet is the process of normal or accelerated change, under 
continued normal or specified artificial conditions, in the strength of the magnetic field 
maintained. Metallurgical ageing is a result of a change in the metallurgical condition of 
the magnet, which changes its ability to maintain itself in a magnetised condition. 


22.1. .The converse of hardness is known as 

(a) malleability (b) toughness 

(c) softness 

(d) none of the above 

22.2. On which of the following factors does 
the resistivity of a material depend ? 

(а) Resistance of the conductor 

(б) Area of the conductor section 

(c) Length of the conductor 

(d) All of the above 

22.3. is a negatively charged particle 

present in an atom. 

(a) Proton (6) Neutron 

(c) Electron 

(d) None of the above 

22.4. The formula.determines the num¬ 

ber of electrons that can be accom¬ 
modated in any level. 

(a) 2n 2 . (6) 4 n 2 

(c) 2 n s ( d) An 

22.5. The tiny block formed by the arrange¬ 
ment of a small group of atoms is called 
the 

(a) unit cell (6) space lattice 

(c) either (a) or (6) 

(d) none of the above 

22.6. The co-ordination number of a simple 
cubic structure is 

(a) 2 (b) 4 

(c) 6 (d) 8 

22.7. The covalent bond is formed by 

(a) transfer of electrons between atoms 

(b) sharing of electrons between atoms 

(c) sharing of variable number of 
electrons by a variable number of 
atoms 

(d) none of the above 


A perfect conductor has 

(а) zero conductivity 

(б) unity conductivity 
(c) infinite conductivity 
{d) none of the above 

22.9. The metal having the lowest tempera¬ 
ture co-efficient of resistance is 
(a) gold (6) copper 

(c) aluminium (d) kanthal 

22.10. Commonly used conducting materials 
are 

(a) copper (b) aluminium 

.(c) both (a) and (6) 

(d) copper and silver 

( e ) platinum and gold 

22.11. Which of the following materials is 
preferred for transmitting electrical 
energy over long distance ? 

(a) Copper (6) Aluminium 

(c) Steel reinforced copper 

(d) Steel reinforced aluminium 

22.12. The kinetic energy of a bounded 
electron is 

(a) less than that of unbounded 
electron 

(b) greater than that of unbounded 
electron 

(c) equal to that of unbounded electron 
' {d) infinite 

(e) none of the above 

22.13. A highly conductive material must 
have 

(а) highest conductivity 

(б) lowest temperature co-efficient 

(c) good mechanical strength 

(d) good corrosion resistance 

(e) easy solderable and drawable quality 
if) all of the above 


OBJECTIVE TYPE QUESTIONS 

A. Choose the Correct Answer : 

22 . 8 . 
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22.14. The conductivity of a conductor can be 
increased by 

(a) decreasing its temperature 
~ ( b) increasing its temperature 

(c) decreasing its vibration- 

(d) increasing its vibration 

22.15. Superconductivity is observed for 

(а) Tnfrared frequencies 

(б) d.c. and low frequency 

(c) a.c. and high frequency 

(d) frequencies having no effect 

(e) none of the above 

22.16. The superconductivity is due to 

(а) the crystal structure having no 
atomic vibration at 0°K 

(б) all electrons interact in the super¬ 
conducting state 

(c) the electrons jump into nucleus at 
0°K 

(d) none of the above 

22.17. The value of critical field below the 
transition temperature will 

(a) increase (6) decrease 

(c) remain unchanged 

(d) any of the above 

22.18. In a superconductor the value of critical 
density depends upon 

(а) magnetic field strength 

(б) temperature 

(c) either (a) or (b) {d) both (a) and (6) 

22.19. Superconductors are becoming popular 
for use in 

(а) generating very strong magnetic 
field 

(б) manufacture of bubble memories 
(c) generating electrostatic field 

{d) generating regions free from mag¬ 
netic field 

22.20. High resistivity materials are used in 

(a) precision instruments 

( b ) heating elements 

(c) motor starters 

(d) incandescent lamps 

(e) all of the above 

22.21. Mercury as an electric contact material 
is 

(a) a liquid (6) a metal 

(c) a metal liquid (d) a gas 


22.22. An H.R.C. fuse is 

(a) a ceramic body having metal and 
caps 

(b) a wire of platinum 1 

(c) a heavy cross-section of copper or 
aluminium 

{d) a ceramic tube having carbon rod 
inside it 

22.23. Which of the following resistive mate¬ 
rials has the lowest temperature co-ef¬ 
ficient of resistance ? 

(a) Nichrome (b) Constantan 

(c) Kanthal ( d ) Molybdenum 

22.24. The coils of D.C. motor starter are 
wound with wire of 

(a) copper (6) kanthal 

(c) manganin (d) nichrome 

22.25. The conductors have transport pheno¬ 
mena of electrons due to 

(a) electric field (6) magnetic field 

(c) electromagnetic field 

( d ) none of the above 

22.26. The transition temperature of mercury 
is 

(a) 18.0°K (6) 9.22°K 

(c)4.12°K (d) 1.14°K 

22.27. By increasing impurity content in the 
metal alloy the residual resistivity 
always 

(a) decreases (6) increases 

(c) remains constant 

(d) becomes temperature independent 

22.28. The structure sensitive property of a 
super conductor is 

(а) critical magnetic field 

(б) transition temperature 

(c) critical current density 

( d ) none of the above 

22.29. At transition temperature the value of 
critical field is 

(a) zero 

(b) negative real value 

(c) positive real value 

(d) complex value 

22.30. Which of the following variety of copper 
has the best conductivity ? 

(a) Induction hardened copper 

(b) Hard drawn copper 


Downloaded From : www.EasyEngineering.net 


Downloaded From : www.EasyEngineering.net 


22.10 

22.31. 

22.32. 

22.33. 

22.34. 

22.35. 

22.36. 

22.37. 

22.38. 

( 

i 

j 22.39. 

22.40. 
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(c) Pure annealed copper 

(d) Copper containing traces of silicon 
Constantan contains 

. la) silver and tin 

(b) copper and tungsten 

(c) tungsten and silver 

(d) copper and nickel 

Which of the following is the poorest 
conductor of electricity ? 

(a) Carbon (6) Steel 

(c) Silver (d) Aluminium 

.has zero temperature co-efficient of 

resistance. 

(a) Aluminium (b) Carbon 

(c) Porcelain {d) Manganin 

Piezoelectric materials serve as a source 
of. 

(a) resonant waves (b) musical waves 
(c) microwaves (d) ultrasonic waves 

In thermocouples which of the follow¬ 
ing pairs is commonly used ? 

(а) Copper-constantan 

(б) Aluminium-tin 

(c) Silver-German silver 

(d) Iron-steel 

.is viscoelastic. 

(a) Cast-iron (6) Graphite 

(c) Rubber (d) Glass 

Carbon electrodes are not used in 

(a) GLS lamps 

(b) electric arc furnace 

(c) dry cells 

(d) cinema projectors 
Solder is an alloy of 

(а) copper and aluminium 

(б) tin and lead 

(c) nickel, copper and zinc 

(d) silver, copper and lead 

.is most commonly used for making 

magnetic recording tape 

(a) Silver nitrate 

(b) Ferric oxide 

(c) Small particles of iron 
{d) Silicon-iron 

Overhead telephone wires are made of 
(a) aluminium (6) steel 

(c) AC SR conductors 

(d) copper 


22.41. .. is an example of piezoelectric 

material. 

(a) Glass (£>) Quartz 

(c) Corrundum (d) Neoprene 

22.42. ... ...is the main constituent of glass 

(a) Fe 203 (b) Si 02 

(c) AI 2 O 3 (d) B 2 O 3 

22.43. A good electric contact material should 
have all of the following properties ex¬ 
cept 

(а) high resistivity 

(б) high resistance to corrosion 
(c) good thermal conductivity 

( 1 d) high melting point 

22.44. Most of the common metals have . 

structure. 

(a) linear (6) hexagonal 

(c) orthorhombic (d) cubic 

22.45. Which of the following affect greatly 

the resistivity of electrical conductors ? 
(a) Composition (6) Pressure 

(c) Size (d) Temperature 

22.46. Thermonic emission occurs in 

(a) vacuum tubes 

(b) copper conductors 

(c) ferrite cores (d) transistors 

22.47. ... ... is a hard solder. 

(a) Tin-lead (6) Tin-silver-lead 

(c) Copper-zinc 

(d) N one of the above 

22.48. Addition of 0.3 to 4,5% silicon to iron 

.the electrical resistivity of iron. 

(a) increases (6) decreases 

(c) does not change 

22.49. Super conductivity can be destroyed by 

(а) adding impurities 

(б) reducing temperatures 

(c) application of magnetic field 

(d) any of the above 
2i50. Non-linear resistors 

(a) produce harmonic distortion 

(b) follows Ohm’s law at low tempera¬ 
tures only 

(c) result in non-uniform heating 

(d) none of the above 
22.51. A carbon resistor contains 

(а) carbon crystals 

(б) solid carbon granules 
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(c) pulverized coal 
0 d) finely divided carbon black 

22.52. Which of the following materials does 
not have covalent bonds ? 

(a) Organic polymers 

(b) Silicon (c) Metals 

22.53. In graphite, bonding is 

(a) covalent ( b ) metallic 

(c) Vander Waals 

( d ) Vander Waals and covalent 

22.54. Total number of crystal systems is 

(a) 2 (b) 4 

(c ) 7 (d) 12 

22.55. The number of atoms per unit cell in 
B.C.C. structure is 

(a) 1 (b) 2 

(c) 4 (d) 8 

22.56. The conductivity of a metal is deter¬ 
mined by 

(а) the electronic concentration and the 

„ mobility of the free electrons 

(б) the number of valence electrons per 
atom 

(c) either (a) or (6) 

(d) none of the above 

22.57. The resistivity of a metal is a function 
of temperature because 

(а) the amplitude of vibration of the 
atoms varies with temperature 

(б) the electron density varies with 
temperature 

(c) the electron gas density varies with 
temperature 

22.58. In a crystal, an atom vibrates at a fre¬ 
quency determined by 

(а) the heat content of the crystal 

(б) the temperature of the crystal 

(c) the stiffness of the bonds it makes 
with neighbours 

22.59. Due to which of the following reasons 
aluminium does not corrode in atmos¬ 
phere ? 

(а) Aluminium is a noble metal 

(б) Atmospheric oxygen can only dif¬ 
fuse very slowly through the oxide 
layer which is formed on the surface 
of aluminium 

(c) No reaction with oxygen occurs 

(d) Any of the above 


22.11 

22.60. The impurity atoms is semiconductors 

(а) inject more charge carriers 

(б) reduce the energy gap 

(c) increase the kinetic energy of valence 
electrons 

(d) all of the above 

22.61. Which of the following material is not a 
semiconductor ? 

(a) Silica (b) Germanium 

(c) Selenium (d) Gallium-arsenide 

22.62. Carbon resistors are used extensively 
because they are 

(a) easy to make (6) compact 

(c) inexpensive 

(d) all of the above reasons 

22.63. Carbon rods are used in wet and dry 
cells because 

(a) carbon rod serves as conductor 
J6) carbon can resist the attack of bat¬ 
tery acid 

(c) both (a) and (6) 

(d) either (a) or (6) 

22.64. Due to which of the following factors 
the brush wear rate is altered ? 

(а) Speed of the machine 

(б) Contact pressure 

(c) Surface conditions of brush and 
commutator 

(d) Excessive sparking 

(e) All of the above 

22.65. Which of the following are non-conduc¬ 
tors of electricity? 

(а) Non-metal solids except carbon 

(б) Air and most other gases 

(c) Pure water and liquids in general 
except mercury 

(d) All of the above 

22.66. Carbon bearings are used under which 
of the following conditions ? 

(а) Where lubrication is difficult or im¬ 
possible 

(б) Where corrosive chemical action 
exists 

(c) Where high temperature exists 
(a) All of the above 

22i{>7. Which of the following high resistance 
materials has the highest operating 
temperature ? 
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(a) Kanthal (6) Manganin 

(c) Nichrome (< d ) Eureka 

22.68. Steel wire is used as 

(а) overhead telephone wire 

(б) earth wire 

(c) r core wire of AC SR 

(d) all of the above 

22.69. Low resistivity materials are used in 

(а) transformer, motor and generator 
windings 

(б) transmission and distribution lines 

(c) house wiring 

( d ) all above applications 

22.70. Platinum is used in 

(a) electrical contacts 
(6) thermocouple 

(c) heating element in high tempera¬ 
ture furnace 

{d) grids of special purpose vacuum 
tubes 

(e) all of the above 

22.71. Which of the following is an advantage 
of stranded conductor over equivalent 
single conductor ? 

{a) Less liability to kink 

(b) Greater flexibility 

(c) Less liability to break 

( d ) All of the above 

22.72. Due to which of the following reasons 
copper and aluminium are not used for 
heating elements ? 

(a) Both have great tendency for oxida¬ 
tion 

(b) Both have low melting point 

(c) Very large length of wires will be 
required 

(d) All of the above 

22.73. Copper, even though costly, finds use 
in the windings of electrical machines 
because 

(a) copper points offer low contact 
resistance 

(b) copper can be easily soldered and 
welded 

(c) copper windings are less bulky and 
the machines become compact 

{d) all of the above 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

22.74. Which of the following materials is 
used for making coils of standard resis¬ 
tances ? 

(a) Copper (6) Nichrome 

(c) Platinum (d) Manganin 

22.75. Substances whose specific resistance 
abruptly decreases at very low tempera¬ 
ture are called 

(a) insulators (b) conductors 

(c) semiconductors (d) superconductors 

22.76. Which of the following materials is the 
best conductor of electricity ? 

(a) Tungsten (6) Aluminium 

(c) Copper (d) Carbon 

22.77. ... ...is the property of absorbing mois¬ 
ture from atmosphere. 

(a) Solubility (6) Viscosity 

(c) Porosity (d) Hygroscopicity 

22.78. Thermocouples are mainly used for the 
measurement of 

(a) temperature (b) resistance 

(c) eddy currents 

(d) coupling co-efficient 

22.79. Due to which of the following fact, in 
India, aluminium is replacing copper ? 

(а) Aluminium is more ductile and mal¬ 
leable than copper 

(б) Aluminium is available in plenty, 
cheaper and lighter than copper 

(c) Aluminium has lower resistivity 
than that of copper 

(d) Aluminium has less temperature 
co-efficient than copper 

22.80. The conduction of electricity, in semi¬ 
conductors, takes place due to move¬ 
ment of 

(а) positive ions only 

(б) negative ions only 

(c) positive and negative ions 

(d) electrons and holes 

22.81. Which of the following is a semiconduc¬ 
tor material ? 

(a) Phosphorous (6) Rubber 
(c) Silicon (d) Aluminium 

22.S2. Selenium is.semiconductor. 

(a) extrnisic (b) intrnisic 

(c) N-type ( d) P- type 
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22.83. .has the best damping properties. 

(a) Diamond ( b ) High speed steel 

(c) Mild steel ( d ) Cast iron 

22.84. The photo-electric effect occurs only 
when the incident light has more than 
a certain critical 

(a) intensity (6) speed 

(c) frequency ( d ) wave length 

22.85. If the resistance of a conductor does not 
vary in accordance with Ohm’s law it is 
known as 

(а) non-linear conductor 

(б) reverse conductor 

(c) bad-conductor (d) non-conductor 

22.86. Spark plug makes use of which of the 
following materials for insulation ? 

(a) Porcelain ( b ) Slate 

(c) Asbestos ( d ) Glass 

22.87. The forbidden gap in an insulator is 

(a) large (6) small 

(c) nil (d) any of the above 

22.88. Which of the following factors affect 
resistivity of metals ? 

(a) Age hardening ( b ) Alloying 
(c) Temperature (d) Cold work 
(e) All of the above 

22.89. Effect of moisture on the insulating 
materials is to 

(а) decrease dielectric constant 

(б) decrease dielectric strength 

(c) decrease insulation resistance 

(d) increase dielectric loss 

(e) all of the above 

22.90. Surface resistance of an insulating 
material is reduced due to the 

(a) smoky and dirty atmosphere 

(b) humidity in the atmosphere 

(c) both (a) and (6) 

(d) neither (a) nor (6) 

22.91. Superconducting metal in super con¬ 
ducting state has relative permeability 
of 

(a) zero (6) one 

(c) negative (d) more than one 

22.92. In conductors conduction of electricity 
takes place due to movement of 

(а) electrons only 

(б) positive ions only 
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(c) negative ions only 

(d) positive and negative ions 

(e) none of the above 

22.93. The carbon percentage is least in 

(a) low carbon steel 

(b) wrought iron 

(c) cast iron (d) malleable iron 

22.94. For a particular material the Hall co¬ 
efficient was found to be zero. The 
material is 

(a) insulator (6) metal 

(c) intrinsic semiconductor 

(d) none of the above 

22.95. The conductivity of an extrinsic semi¬ 
conductor .with temperature 

(a) decreases (6) increases 

(c) remains constant 

22.96. The current due to electron flow in con¬ 
duction band is.the hole current in 

valence band. 

(a) equal to (6) less than 

(c) greater than 

(d) any of the above 

22.97. For a hole which of the following state¬ 
ments is incorrect ? 

(a) Holes can exist in certain semicon¬ 
ductors only 

(fc) Holes can exist in any material in¬ 
cluding conductors 

(c) Holes may constitute an electric 
current 

(d) Holes can be considered as a net 
positive charge 

22.98.is an element used in .semiconduc¬ 

tors whose atoms have three valence 
electrons. 

(a) An acceptor (fo) A donor 

(c) Germanium (d) Silicon 

22.99. The minority carrier concentration is 
largely a function of 

(а) forward biasing voltage 

(б) reverse biasing voltage 

(c) temperature 

(d) the amount of doping 

22.100. For germanium the forbidden energy 
gap is 

Ra) 0.15 eV (b) 0.25 eV 

'(c) t).5 eV (d) 0.7 eV 
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22.101. In an intrinsic semiconductor 

(а) there are no electrons in the 
material 

(б) there are no holes in the material 

(c) the number of holes is too small 

( d) electrons is the material are neutra¬ 
lised by the holes 


22 . 102 . 


22.103. 


22.104. 


22.105. 


22.106. 


A pure semiconductor, under ordinary 

conditions, behaves like 

(a) a conductor (6) an insulator 

(c) a magnetic material 

(d) a ferroelectric material 
Germanium possesses 

(а) two valence electrons 

(б) three valence electrons 

(c) four valence electrons 

(d) five valence electrons 

In a semiconductor, the hole formed is a 

(а) positive charge carrier 

(б) negative charge carrier 

(c) either of the above 

(d) none of the above 

In.semiconductor, the Fermi level 

lies midway between the conduction 
and valence bands. 

(a) intrinsic (6) P-type 

(c) A-type (d) both (6) and (c) 

The conductivity of semiconductors 
depends on which of the following fac¬ 
tors ? 

(a) Number of current carriers present 
per unit volume 

(b) The mobility of the current carriers 

(c) Both (a) and (6) 

(d) None of the above 


22.107. Thermistors find use in which of the 
following ? 

(a) In thermometry 

(b) In measurement of microwave power 

(c) As a thermal relay 

(d) In control devices actuated by tempe¬ 
rature changes 

( e ) All of the above 


22.108. In a semiconductor the resistivity 

decreases.with temperature. 

(a) linearly (6) non-linearly 

(c) exponentially 


^2.109. 


22 . 110 . 


22 . 111 . 


22 . 112 . 


22.113. 


22.114. 


22.115. 


22.116. 


A thermistor has.temperature co¬ 

efficient of resistance 
(a) zero (£>) a negative 

(c) a positive (d) any of the above 

When radiation is incident on a semi¬ 
conductor, its conductivity increases, 
this effect is called 
(a) Hall effect (6) Seebeck effect 

(c) photo conductive effect 

(d) none of the above 

In a P.N.P. transistor majority charge 
carriers are 

(a) electrons ( b ) holes 

(c) both (a) and (6) 

(d) either (a) or (6) 

In a P.N.P. transistor the collector cur¬ 
rent is always 

(а) less than the emitter current 

(б) equal to the emitter current 

(c) greater than the emitter current 

(d) none of the above 

Emitter arrow, in a transistor, shows 
the direction of 

(а) flow of conventional current 

(б) electron flow 

(c) either of the above 

(d) none of the above 

As compared to thermionic tubes, tran 
sistors claim which of the following 
advantages ? 

(а) Compact size, light in weight 

(б) Instantaneous operation 

(c) Long life if operated within the pet- 
missible limits of temperature 

(d) Operating voltage quite low 

( e ) All of the above 

Conduction of heat in a semiconductor 
takes place in which of the following 
ways ? 

(a) By the thermal vibrations of the 
atoms 

( b ) By the electrons 

(c) Both (a) and (6) 

(d) None of the above 
Non-linear resistors are also called 
(a) thermistors (6) varistors 

(c) either of the above 

(d) none of the above 
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22.117. Thermistors possess 

(a) zero resistivity 

(b) a negative temperature resistivity 
of high absolute value 

(c) a positive temperature resistivity of 
high absolute value 

(d) none of the above 

22.118. Photo-voltaic cells find applications in 
which of the following ? 

(а) Automatic control systems 

(б) Television circuits 

(c) Sound motion picture recording and 
reproducing equipment 

( d ) All of the above 

22.119. Hall effect may be used for which of the 
following? 

(а) Determining whether a semicon¬ 
ductor is IV-type or P-type 

(б) Determining the carrier concentra¬ 
tion 

(c) Calculating the mobility, having 
measured the conductivity 

(d) Magnetic field meter 

(e) All of the above 

22.120. The change of resistance in a magnetic 
field is called the 

(a) magneto-resistance effect 
• (6) Seebeck effect 

(c) photo-electric effect 

(d) none of the above 

22.121. Insulators are the materials in which 
valence electrons are bounded 

(а) loosely to their parent atoms 

(б) moderately to their parent atoms 

(c) very tightly to their parent atoms 

(d) none of the above 

22.122. Insulators have which of the following ? 

(a) A full valence band 

(b) An empty conduction band 

(c) A large energy gap 
{d) All of the above 

22.123. The ionically and covalently bonded 
materials are known as 

(a) insulators 

(b) poor conductors 

(c) either of the above 

(d) none of the above 


22.124. A good insulating material should 
possess which of the following charac¬ 
teristics ? 

(а) Large insulation resistance 

(б) High dielectric strength 

(c) Least thermal expansion 

(d) Low dissipation factor (loss tan¬ 
gent) 

( e ) All of the above 

22.125. The dielectric strength of mica varies 
from 

(а) 10 to 20 kV/mm thickness 

(б) 20 to 30 kV/mm thickness 

(c) 30 to 40 kV/mm thickness 

(d) 40 to 150 kV/mm thickness 

22.126. Mica is usually avoided for slot linings 
of high voltage machines because its 

(a) space factor is low 

(b) space factor is high 

(c) space factor is nil 
{d) none of the above 

22.127. The dielectric strength of asbestos is 

(а) 1.5 to 2.5 kV/mm thickness 

(б) 3 to 4.5 kV/mm thickness 

(c) 5 to 6.5 kV/mm thickness 

(d) 8 to 9.5 kV/mm thickness 

22.128. Which of the following processes is used 
to produce porcelain ? 

(a) Dry process (6) Wet process 

(c) Casting process 

(d) Any of the above 

22.129. Porcelain insulators are employed for 
insulating terminals of 

(a) low voltage machines 

( b ) medium voltage machines 

(c) high voltage machines 

(d) any of the above 

22.130. The dielectric strength of paper is 
(a) 2 to 4 kV/mm thickness 

(h) 4 to 10 kV/mm thickness 

(c) 12 to 15 kV/mm thickness 

(d) 15 to 20 kV/mm thickness 

22.131. The insulating materials to be used for 
most of electronic equipment should 
possess which of the following charac¬ 
teristics ? 

(a) High electric strength 

(b) High mechanical strength 
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22.132. 


22.133. 


22.134. 


22.135. 


22.136. 


22.137. 


22.138. 


22.139. 
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(c) Arc resistance 

(d) Thermal stability 

(e) All of the above 

Which of the following insulating 
material is in common use for ‘overhead 
power lines’ ? 

(a) Porcelain ( b ) Toughened glass 

(c) Both of the above 

(d) None of the above 

The function of insulating liquids is 

(а) to provide electrical insulation 

(б) to provide heat transfer 

(c) both (a) and (b) 

(d) none of the above 

Which of the following tests is carried 
out on transformer oil ? 

(a) Moisture test (6) Acidity test 

(c) Sludge resistance test 

(d) Electric strength test 

(e) All of the above 

Presence of even a trace of water in trans¬ 


former oil . its insulation strength 

considerably. 

(a) reduces (6) increases 


(c) does not affect 

(d) none of the above 

Flash point temperature of fresh dry oil 
is 

(a) 55°C (6) 75°C 

(c)-100°C (d) 135°C 

Which of the following effects is 
produced by ‘sludge’ formation ? 

(a) Rate of heat transfer is reduced 

(b) Ducts are clogged 

(c) Increase in operating temperature 
results 

(d) All of the above 

Insulating gases entail which of the 
following major problems ? 

(a) Temperature instability 

(b) Abnormalities in dielectric behaviour 
at high pressures 

(c) Fire hazards (d) All of the above 
Which of the following gases is clas¬ 
sified as electronegative ? 

(a) Nitrogen (b) Methane 

(c) Propane 

{d) Sulphur hexafluoride 


22.140. 


22.141. 


22.142. 


22.143. 


22.144. 


22.145. 


22.146. 


22.147. 


Electronegative gases are 

(a) inflammable (b) non-explosive 

(c) both (a) and (b) 

(d) none of the above 

Insulation resistance.with increase 

in temperature. 

(a) decreases (b) increases 

(c) remains unaffected 

(d) none of the above 

The resistivity of the insulator .in 

the presence of moisture. 

(а) is considerably lowered 

(б) is considerably increased 

(c) remains unaffected 

(d) none of the above 

The value of dielectric strength is use¬ 
ful in which of the following ? 

(a) Comparing insulating materials 

(b) Measuring uniformity 

(c) Determining the effect of environ¬ 
mental and operating conditions 

(d) All of the above 

The dielectric losses occur in all solid 
and liquid dielectrics due to which of 
the following ? 

(а) Conduction current 

(б) Hysteresis ( b ) Both (a) and ( b ) 

(d) None of the above 

The dielectric loss is affected by which 
of the following factors ? 

(а) Presence of humidity 

(б) Voltage increase 
(c) Temperature rise 

(< d ) Frequency of applied voltage 

( e ) All of the above 

Which of the following isa consequence 
of ionisation ? 

(а) A great power loss in the insulation 

(б) Thermal instability 

(c) Lowering of the breakdown voltage 
of the insulation 

( d ) Carbonisation, decomposition and 
mechanical damage to the insulat¬ 
ing material 

(e) All of the above 

The moisture absorbed by an insulat¬ 
ing material causes which of the follow¬ 
ing? 


Downloaded From : www.EasyEngineering.net 





Downloaded From : www.EasyEngineering.net 


electrical hnginerrging materials 


22.17 


(а) A decrease in the volume resis¬ 
tivity, especially surface resistivity 

(б) An increase in the dissipation factor 
and a certain increase in dielectric 
constant 

(c) Decrease in dielectric strength due 
to change in field distribution within 
the insulating material 

(d) All of the above 

22.148. By which of the following methods the 
insulation can be protected against 
moisture ? 

(а) Impregnation of winding 

(б) Making insulation hydrophobic 
(water proof) 

(c) Hermetic sealing 

(d) All of the above 

22.149. Dielectrics have 

(а) a few free electrons 

(б) many free electrons 

(c) no free electrons 

(d) none of the above 

22.150. Dielectric materials are essentially 

(а) insulating materials 

(б) conducting materials 

(c) semiconducting materials 

(d) ferro-electric material 

22.151. The behaviour of real dielectrics is 
primarily 

(a) electrostatic (6) electromagnetic 

(c) both (a) and (6) 

(d) none of the above 

22.152. The dielectric power loss (P) is given by 

(a) P = 2 Tij^CV tan 6 

(b) P - 2 nfCV 2 tan 6 

(c) P = 4 jt fCV tan 6 
(a!) P = 2 nf C 2 V 2 tan 6 

22.153. Dielectric strength is expressed in 

(a) kV/mm (6) kV/mm 2 

(c) kV/mm 3 

(d) none of the above 

22.154. Which of the following kind of break¬ 
down is possible in solid dielectrics ? 

(a) Electrothermal breakdown 

( b ) Purely electrical breakdown 

(c) Electrochemical breakdown 
id) All of the above 


22.155. Which of the following conditions go a 
long way in causing the electrothermal 
breakdown of the dielectric ? 

(а) Large thickness of the dielectric 

(б) High temperature of both the di¬ 
electric and the surrounding medium 

(c) Continuous application of high volt¬ 
age 

(d) Large dielectric loss 

( e ) All of the above 


22.156.breakdown normally occurs when 

the temperature is very high and sur¬ 
rounding air has high humidity. 

(а) Electrochemical 

(б) Purely electrical 
(c) Electrothermal 

22.157. The power arc following a flashover or 
the breaking of contacts over the insu¬ 
lator surface subjects the surface to 
which of the following ? 

(a) Extreme heat (6) Chemical action 
(c) Deposition of electrode material 
{d) All of the above 

22.158. The dielectric strength of gaseous di¬ 
electrics depends on which of the follow¬ 
ing factors ? 

(а) Pressure 

(б) Uniformity of applied electric field 

(c) Polarity of electrodes 

(d) Frequency of applied field 

(e) All of the above 

22.159. Polarisation is 

(a) a scalar quantity 

( b ) a vector quantity 

(c) both (a) and (6) 

(d) none of the above 

22.160. The dielectric susceptibility determines 
the value of the 

(a) dielectric constant 

(b) dielectric strength 

(c) both (a) and (6) 

(d) none of the above 

22.161. If the centre of gravity of the positive 
and negative charges in a *body do not 
coincide in the absence of .an applied 
electric field, the substance has an 
electric dipole moment and is said be 
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22.162* 


22.163. 


22.164. 


22.165. 


22.166. 


22.167. 


22.168. 


22.169. 


spontaneously polarised. Such a sub¬ 
stance is called 

(a) insulator ( b ) dielectric 

(c) conductor (d) ferro-electric- 

A ferro-electric material contains small 
regions which are polarised in different 

directions even in the.of an electric 

field. 

(a) absence (6) presence 

(c) either of the above 

(d) none of the above 

When the temperature exceeds a cer¬ 
tain value called the Curie point, the 
substance 

(а) loses its ferro-electric properties 

(б) gains ferro-electric properties 

(c) either of the above 

(d) none of the above 
Ferro-electric materials have which of 
the following characteristics ? 

(а) They have a high dielectric constant 
which is non-linear 

(б) They exhibit hysteresis loops 

(c) Both of the above 

(d) None of the above 

Which of the following is not a ferro¬ 
electric material ? 

(a) Rochelle salt (6) Barium titanate 

(c) Brass (d) Lead zirconate 

Which of the following is a ferro-electric 
material ? 

(a) Stainless steel (6) Wrought iron 
(c) Boron nitride (d) Y-alloy 
Rochelle salt has 

(а) one Curie point 

(б) two Curie points 

(c) three Curie points 

(d) none of the above 

In potassium Dihydrogen Phosphate 

the Curie points are 

(a) positive (6) negative 

(c) either of the above 

(d) none of the above 

The ferro-electric materials.Curie 

point Have the special properties. 

(a) below (6) above 

(c) either of the above 

(d) none of the above 


22.170. 


22.171. 


22.172. 


22.173. 


22.174. 


22.175. 


22.176. 


22.177. 


22.178. 


Above the Curie temperature the mate¬ 
rials have no ferro-electric properties 
and become ordinary 

(а) conducting materials 

(б) semiconducting materials 

(c) insulating materials 

(d) none of the above 

The.polarisation vanishes at Curie 

temperature of the material. 

(a) ionic (6) dipolar 

(c) spontaneous (d) none of the above 

Ferro-electric materials are the dielec¬ 
trics analogous to 

(а) ferro-magnetic materials 

(б) paramagnetic materials 

(c) diamagnetic materials 

(d) none of the above 

The major use of ferro-electrics is in. 

(а) active transducers 

(б) passive transducers 

(c) electro-mechanical transducers 

(d) none of the above 

The materials having permanent electric 
moment are called 

(a) antiferro-electric materials 

(b) dielectrics (c) electrets 
(d) semiconducting materials 
Capacitors with very high dielectric 
constants have been developed by treat¬ 
ing BaTi0 3 in 

(а) an oxidising atmosphere 

(б) a reducing atmosphere 

(c) either of the above 

(d) none of the above 

The readiness of a material to accept 

magnetism is expressed by its 

(a) permeability (6) permittivity 

(c) either of the above 

(d) none of the above 
High-frequency transformers cores are 
generally made from 

(a) mone-metal (b) mu-metal 

(c) ferrites 

The ratio of intensity of magnetisation 

to magnetising force is called 

(a) susceptibility ib) permeability 

(c) magnetic potential 

(d) none of the above 
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22.179. 


22.180. 


22.181. 


22.182. 


22.183. 


22.184. 


22.185. 


22.186. 


22.187. 


.is that property of material which 

opposes the production of magnetic flux 
in it 

(а) Magnetic reluctance 

(б) Remanance 

(c) Retentivity (< d ) Susceptibility 

Curie temperature is the temperature 
above which a ferro-magnetic material 
becomes 

(a) paramagnetic (6) diamagnetic 

(c) either of the above 

(d) none of the above 

For ferro-magnetic materials the sus¬ 
ceptibility 

(a) is constant (6) is not constant 

(c) is zero 

( d ) none of the above 

For which of the following materials the 
relative permeability is much greater 
than unity ? 

(а) Diamagnetic materials 

(б) Paramagnetic materials 

(c) Ferro-magnetic materials 

(d) None of the above 

.materials have relative permeability 

slightly less than unity 

(a) Ferro-magnetic (b) Paramagnetic 

(c) Diamagnetic 

(d) None of the above 

The permeability of iron is around 

(a) 500 (6) 800 

(c) 1200 (d) 2000 

The spontaneous magnetisation is the 

most important characteristic of. 

materials. 

(a) ferro-magnetic (6) paramagnetic 

(c) diamagnetic 

(d) any of the above 

Uniaxial anisotropy can be induced in 
bulk materials by which of the follow¬ 
ing methods ? 

(а) Cold working 

(б) Magnetic annealing 
(c) Magnetic quenching 
{d) All of the above 

Practically all organic substances are 
(a) ferro-magnetic (6) paramagnetic 
(c) diamagnetic ( d ) none of the above 


22.188. 


22.189. 


22.190. 


22.191. 


22.192. 


22.193. 


In carbon steels, if the percentage of 
carbon is increased, it has which of the 
following effects ? 

(а) Resistivity is increased 

(б) Saturation temperature is lowered 

(c) Permeability is decreased 

(d) Co-ercive force and retentivity is 
increased 

( e ) All of the above 

Magnetically hard materials possess 
which of the following characteristics ? 

(a) High value of B.H. product 

(b) High retentivity 

(c) High co-ercivity 

(d) Strong magnetic reluctance 

(e) All of the above 

The ideal core material for small reac¬ 
tors and transformers employed in 
communication equipment should pos¬ 
sess which of the following charac¬ 
teristics ? 

(а) Constant permeability 

(б) Small hysteresis loss 

(c) Small eddy current loss within the 
range of small magnetizing forces 
and over the wide range of frequen¬ 
cies; met in such applications 

(d) All 6f the above 

Alnico magnet alloys have the.energy 

per unit of cost or volume of any per¬ 
manent-magnet material commercial¬ 
ly available. 

(a) highest ( b ) lowest 

(c) either of the above 

( d ) none of the above 

Which of the following factors cause 
magnetic ageing ? 

(а) Presence of strong external fields 

(б) Changes in the external magnetic 
circuit, such as increasing the air 
gap length or removing the “keeper” 

(c) Mechanical vibration 

(d) Temperature condition 

(e) All of the above 

The relative magnetisation under a given 

field . as temperature approaches 

the Curie point. 

(a) decreases (6) increases 
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(c) either of the above 

(d) none of the above 

22.194. The value of steinmetz co-efficient k is 

approximately.for all modern mag¬ 

netic materials. 

(a) 1.2 (6) 1.4 

(c) 2 (d) 3 

22.195. The eddy currents produce a magnetic 

field of their own which. the main 

field. 

(a) assists (b) opposes 

(c) does not affect 
{d) none of the above 

22.196. ...... is the most detrimental impurity in 

the magnetic materials. 

(a) Carbon (b) Sulphur 

(c) Oxygen (d) Nitrogen 

22.197. Fahy permeameter entails which of the 
following advantages ? 

(а) Simple in both construction and 
operation as compared with Burrow's 
permeameter 

(б) Requires only one test specimen 


(c) Less sensitive to the effects of 
magnetic inhomogeneities in the 
specimen 

(d) All of the above 

22.198. If the domain walls in a magnetic 
material can be easily moved the material 
displays 

(а) permanent magnetic behaviour 

(б) high flux density 

(c) high permeability 

(d) none of the above 

22.199. The change in dimensions during the 
process of magnetisation is called 

(a) magnetostriction 

(b) Hall's effect 

(c) skin effect ( d) Seebeck effect 

(d) none of the above 

22.200. The magnetic domains, during the 
process of magnetisation of ferro-mag¬ 
netic material, 

(а) only expand 

(б) neither expand nor rotate 

(c) rotate first and then expand 

(d) expand first and then rotate 


B. Fill in the blanks/Say ‘Yes’ or ‘No’: 


Introduction to Engineering Materials 

22.201. The iron group which includes all irons 

and steels are called non-ferrous me¬ 
tals. (Yes/No) 

22.202. ... ... is used for lagging round steam 
pipes and steam boilers. 

22.203. Non-metals exist in amorphic or meso¬ 
morphic forms, (Yes/No) 

22.204. Non-metals are malleable. (Yes/No) 

22.205. The boiling point of a liquid is the 
temperature at which its vapour pres¬ 
sure is equal to one atmosphere. 

(Yes/No) 

22.206. Mass per unit volume is known as 

weight density . (Yes/No) 

22.207. Copper is the best conductor. (Yes/No) 

22.208. All.are conductors of electricity. 

22.209. The .. of a metal is its ability to 

withstand various forces to which it is 
subjected during a test or in service. 


22.210. Young’s modulus is indicative of property 

called. 

22.211. Elasticity is the property that enables 

the formation of a permanent deforma¬ 
tion in a material. (Yes/No) 

22.212. Hardness is the ability of a metal to 
withstand elongation or bending. 

(Yes/No) 

22.213. Toughness is the strength with which 
the material opposes rupture. (Yes/No) 

22.214. The area under the stress-strain curve 

indicates. 

22.215. Lack of ductility is the hardness. 

(Yes/No) 

22.216. Hardness is usually defined as resis¬ 
tance of a material to penetration. 

(Yes/No) 

22.217. Fatigue is the phenomenon that leads 
to fracture under conditions involving 
fluctuating or repeating loads. (Yes/No) 
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22.218. Fatigue failure starts at the point of 
lowest stress. (Yes/No) 

22.219.is the slow plastic deformation of 

metals under constant stresses or under 
prolonged heating usually at high 
temperature. 

22.220. The creep at low temperature is known 

as low temperature creep. (Yes/No) 

22.221. Resistivity is that electrical property of 
a material due to which, it resists the 
flow of electricity through it. (Yes/No) 

22.222. Resistance of a conductor is directly 
proportional to its area of cross-section. 

(Yes/No) 

22.223.is reciprocal of electrical resistivity. 

22.224. Dielectric strength means the insulat¬ 

ing capacity of a material against low 
voltages . (Yes/No) 

22.225. Thermoelectric effect forms the basis of 
the thermocouple operation. (Yes/No) 

22.226. Superconductivity cannot be abolished 

by the application of an external mag¬ 
netic field. (Yes/No) 


Structure of Atoms and Molecules 

22.233. An ‘atom’ is defined as a substance 

which cannot be decomposed into other 
substances. (Yes/No) 

22.234. Thomoson’s plum pudding model was 
proposed by Thomson in 1906. (Yes/No) 

22.235. According to Rutherfold’s nuclear model 
an atom consists of a central positively 
charged nucleus of radius 10 -12 cm. 

(Yes/No) 

22.236. The drawbacks of Rutherford’s model 
were overcome by Prof. Neil Bohr by 
applying Planck’s quantum theory. 

(Yes/No) 

22.237. Quantitative explanation of chemical 
bonding can be easily explained by 
Bohr’s atomic model (1913). (Yes/No) 

22.238. A proton is a negatively charged particle 

found in an atom. (Yes/No) 

22.239. The number of protons is called . 

number. 


22.227. 

22.228. 

22.229. 

22.230. 

22.231. 

22.232. 


Magnetic materials are those materials 
in which state of magnetisation can be 
induced. (Yes/No) 

The magnetic properties arise from the 
spin of electrons and the arbital motion 
of electrons around the atomic nuclei. 

(Yes/No) 

Relative permeability is the ratio of flux 
density in a material to a magnetising 
force producing that flux density. 

(Yes/No) 

. force may be defined as the demag¬ 
netising force which is necessary to 
neutralise completely the magnetism 
in an electromagnet after the value of 
magnetising force becomes zero. 

Curie temperature is the rising tempera¬ 
ture at which the given material ceases 
to be ferro-magnetic or the falling 
temperature at which it becomes ferro¬ 
magnetic. (Yes/No) 

Corrosion resistance is one of the impor¬ 
tant chemical properties of materials. 

(Yes/No) 


22.240. 

22.241. 

22.242. 

22.243. 


22.244. 


22.245. 

22.246. 

22.247. 


. are the atoms which have same 

mass number (atomic weight) but differ 
in atomic number. 

Atomic mass number is the total num¬ 
ber of protons and neutrons in an atomic 
nucleus. (Y es/N o) 

Neutron is positively charged particle 
found in an atom. (Yes/No) 

Angstrom (A) is unit of linear measure¬ 
ment and its value is 10 -8 cm or 1(T 10 
cm. (Yes/No) 

An electroh volt is the energy needed to 
move an electron between two points 
which have potential difference of one 
volt. (Yes/No) 

Almost entire mass of a given atom is 
concentrated in its nucleus. (Yes/No) 
An electron is a positively charged 
particle present in an atom. (Yes/No) 
The electrons move about the nucleus. 

(Yes/No) 


Downloaded From : www.EasyEngineering.net 







Downloaded From : www.EasyEngineering.net 


22.22 

22.248. A definite amount of energy is required 
to be spent in order to remove an 
electron from its orbit. (Yes/No) 

>22.249. The formula 2 n s (n being the number 
of the level, the first level being K) 
determines the number of electrons 
that can be accommodated in any level. 

(Yes/No) 

22.250. The electrons in the outermost incom¬ 
plete orbit are called.electrons. 

22.251. The valence electrons are compara¬ 
tively .bound to the rest of the atom. 

22.252. The valence electrons form bonds to 

hold the material together and deter¬ 
mine most of the properties of the ele¬ 
ments. (Yes/No) 

22.253. The tiny block formed by the arrange¬ 

ment of a small group of atoms is called 
space lattice. (Yes/No) 

22.254. In a crystal, the arrangement of atoms 

is in periodically.pattern. 

22.255. Lattice parameter means dimensions 
of the unit cell in any of the crystal¬ 
lographic arrangements. (Yes/No) 

22.256. The idea of space lattice was introduced 

by Bravai in 1910. (Yes/No) 

22.257. A. cell is one which has got points 

or atoms only at the corners of the unit 
cell. 

22.258. In body centred cubic (B.C.C.) struc¬ 

ture the atoms are located at the 
comers of the cube and one atom at the 
centre of each face. (Yes/No) 

22.259. The crystals of most metals have a 

highly symmetrical structure with 
close packed atoms. (Yes/No) 

Conducting Materials 

22.275. An electric circuit is the path of an 

electric current. (Yes/No) 

22.276. Resistance, inductance, capacitance 
and leakage are fundamental electrical 
properties of an electric circuit. 

(Yes/No) 

22.277. The resistance between the adjacent 
faces of a cm cube of a material is called 
resistivity of that? material. (Yes/No) 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

22.260. A crystal is said to have a simple form 
if its all faces are similar. (Yes/No) 

22.261. The co-ordination number of a F.C.C. 

structure is 8. (Yes/No) 

22.262. radius is defined as half the dis¬ 

tance between nearest neighbours in a 
crystal of a pure element. 

22.263. Atomic packing factor (AP.F.) is defined 

as the ratio of the volume of atoms per 
unit cell to the total volume occupied by 
unit cell. (Yes/No) 

22.264. Atomic packing factor for a face centred 

cube is 0.68. (Yes/No) 

22.265. Primary bonds are weaker than secon¬ 
dary bonds. (Yes/No) 

22.266. Ionic bonds are unidirectional. 

(Yes/No) 

22.267. The covalent bond is formed by.of 

electrons between atoms. 

22.268. Covalent compounds can be solids, 

liquids or gases. (Yes/No) 

22.269. Covalent compounds have high melt¬ 
ing point. (Yes/No) 

22.270. Metallic compounds are non-crystal¬ 
line in nature. (Yes/No) 

22.271. Metallic compounds have high reflec¬ 
tivity in lustre. (Yes/No) 

22.272. Sommerfeld theory assumes that elec¬ 

trons move in a region of constant poten¬ 
tial. (Yes/No) 

22.273. At the most three electrons may occupy 

one energy level. (Yes/No) 

22.274. The difference in resistivity is directly 
linked with the size of energy gap. 

(Yes/No) 


22.278. The addition of small amounts of im¬ 

purities may increase the resistivity 
considerably. (Yes/No) 

22.279. Mechanical stressing of crystal struc¬ 

ture increases the conductivity of 
metal. (Yes/No) 

22.280. Age hardening increases the.of an 

alloy. 
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22.281. The colour of copper is reddish. 

(Yes/No) 

22.282. Copper has high contact resistance. 

(Yes ( No) 

22.283. Copper is highly malleable and ductile. 

(Yes/No) 

22.284. Copper loses its hardness abruptly at 

200°C. (Yes/No) 

22.285. Aluminium is silver-white in colour. 

- (Yes/No) 

22.286. Aluminium has relatively low thermal 
and electrical conductivities. (Yes/No) 

22.287. Pure aluminium is softer than copper. 

22.288. Because of its low mechanical strength, 
...... cannot be drawn into very fine 

wire. 

22.289. Aluminium has low contact resistance. 

(Yes/No) 

22.290. Aluminium can be easily soldered. 

(Yes/No) 

22.291.has highest melting point among 

metals. 

22.292. Steel is used as conductor rail in trac¬ 

tion on account of its cheapness and 
rigidity. (Yes/No) 

22.293. Cast iron is used in the manufacture of 

‘resistance grids* to be used in the start¬ 
ing of large d.c. motors. (Yes/No) 

22.294. Nickel is rarely used in the making of 

electrodes of thermionic valves and 
sparking plugs. (Yes/No) 

22.295. Tin is mainly used in the manufacture 

of high current fuses. (Yes/No) 

22.296. Lead is used to form cable sheaths. 

(Yes/No) 

22.297. Lead is least affected by sea water. 

(Yes/No) 

22.298. Melting point of lead is 500°C. (Yes/No) 

22.299. Boiling point of mercury is 357°C. 

(Yes/No) 

22.300. Non-linear resistance do not obey Ohm’s 

law. (Yes/No) 

22.301. Weldability and solderability are the 
most important properties of copper. 

(Yes/No) 


22.23 

22.302. Bronze contains 60% copper and 40% 

tin. (Yes/No) 

22.303. Bronze has higher conductivity than 

copper. (Yes/No) 

22.304. Cadmium bronze is employee! for con- 

tactingconductor and commutator seg¬ 
ments. (Yes/No) 

22.305. Beryllium bronze may be used for 

making current carrying springs. 

(Yes/No) 

22.306. Resistivity of tungsten is thrice that of 

aluminium. (Yes/No) 

22.307. Melting point of carbon = 3500°C. 

(Yes/No) 

22.308. Carbon brushes reduce considerably the 
severity of sparking and rate of com¬ 
mutation wear in electrical machines. 

(Yes/No) 

22.309. The resistance of carbon increases with 

increase in temperature. (Yes/No) 

22.310. Melting point of nichrome is 1400°C. 

(Yes/No) 

22.311. N ichrome is employed in the making of 
heating elements and furnaces. 

(Yes/No) 

22.312. Specific gravity of manganin is 2.3. 

(Yes/No) 

22.313.is used in instrument shunts and 

standard resistance coils. 

22.314. Melting point of constantan is 1300°C. 

(Yes/No) 

22.315. Constantan may be used for making 

thermocouples. (Yes/No) 

22.316* German silver is used in electrical 
measuring instruments. (Yes/No) 

22.317. Melting point of Nirosta is 1400°C. 

(Yes/No) 

22.318* Platinum is a corrodible material. 

(Yes/No) 

22.319. The optimum working temperature for 
Nichrome wire is 900° to 1000°C. 

(Yes/No) 

22.320. A voltage (maximum) of one volt per 
turn should be used when designing 
constantan wire rheostats. (Yes/No) 
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22.321. Tantalum finds wide use in making 
lamp filaments these days. (Yes/No) 

22.322. The efficiency of tungsten filaments 
which are worked at 2000°C in an 
evacuated bulb is 12 lumens per watt. 

(Yes/No) 

22.323- The leading and most important 
material used for transmission lines is 
copper. (Yes/No) 

22.324. Stranded conductors are the conduc¬ 
tors made of thin wires of small cross- 
section and bunched together. 

(Yes/No) 

22.325. Circular stranded conductors cannotbe 
used in single phase system. (Yes/No) 

22.326. A thermostatic bimetal element is 
based on the theory that metals expand 
on heating and contract on cooling. 

(Yes/No) 

22.327. The specific resistance of the contact 
materials is normally high compared to 
resistance at the interfaces. (Yes/No) 

22.328. Platinum does not oxidise in air. 

(Yes/No) 

22.329. Tungsten shown no tendency to arc. 

(Yes/No) 

22.330. Rhodium is an excellent material in 
light and precise devices. (Yes/No) 

22.231. Molybdenum erodes slower than tung¬ 
sten (Yes/No) 

Semiconducting Materials 

22.345. The resistivity of a semiconductor 

material is usually low. (Yes/No) 

22.346. Semiconductors are usually non-metal- 

lic in appearance, (Yes/No) 

22.347. PbS is used in photo conductive 

devices. (Yes/No) 

22.348. At low temperatures semiconductors 

behave like. 

22.^49. The temperature co-efficient of resis¬ 
tance of a semiconductor is always 
negative. (Yes/No) 

22.350. Silicon is a very good conductor of 
electricity. (Yes/No) 


22.232. Electro graphite brushes have low co¬ 
efficient of friction. (Yes/No) 

22.233. Metallic brushes are used in commutator 

machines. (Yes/No) 

22.234. A ‘fuse’ breaks the connection and melts 

when current in the circuit exceeds the 
maximum current for which the circuit 
is designed. (Yes/No) 

22.235. Silver is technically the best material 

of all for fuse purposes. (Yes/No) 

22.236. Castridge type fuse unit is totally 

enclosed type. (Yes/No) 

22.237. Solder is an alloy which cannot be fused 

readily. (Yes/No) 

22.238. A thermocouple is based on ‘Seebeck 

effect*. (Yes/No) 

22.239. A .... .. wire is called magnetizing coil, 
magnet coil or field coil. 

22.340. ‘Skin effect’ lowers the apparent resis¬ 
tance of the conductor. (Yes/No) 

22.341. The resistivity of the conducting 
material is unchanged by skin effect. 

(Yes/No) 

22.342. The work function varies from metal to 

metal. (Yes/No) 

22.343. Supercooled coils can produce flux den¬ 
sities of 10 Wb/m 2 or higher. (Yes/No) 

22.344. The transition from superconducting 
state to conducting state is irrev jrsible. 

(' fes/No) 


22.351. Atoms with fewer than four valence 
electrons are good conductors. 

(Yes/No) 

22.352. Atoms with four valence electrons are 


22.353. An intrinsic semiconductors is one in 
which number of holes produced is 
equal to the number of conduction 
electrons. (Yes/No)^ 

22*354. In an . semiconductor, the Fermi 

level lies midway between the conduc¬ 
tion and valence bands 

22.355. A thermistor has a positive tempera¬ 
ture co-efficient of resistance. (Yes/No) 
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22.356. Germanium is a soft element. 

(Yes/No) 

22.357. Germanium has a grey metallic lustre. 

(Yes/No) 

22.358. A transistor is an amplifying device in 
which an input signal is transmitted at 
an increased magnitude. (Yes/No) 

22.359. A trio de-transistor consists of two P-N 
junction diodes placed back to back. 

(Yes/No) 

Insulating Materials 

22.365. Electrical insulating materials offer 

very little resistance to the flow of cur¬ 
rent. (Yes/No) 

22.366. A good insulating material should have 

low dielectric strength. (Yes/No) 

22.367. A good insulating material should have 
.thermal expansion. 

22.368. Mica is affected by oils. (Yes/No) 

22.369. Mica is rigid, tough and strong. 

(Yes/No) 

22.370. Moisture does not have any affect on 

mica. (Yes/No) 

22.371. The dielectric constant of air varies in 

the range 1.2 to 1.5. (Yes/No) 

22.372. Asbestos is least hygroscopic. (Yes/No) 

22.373. Asbestos melts at 1500°C. (Yes/No) 

22.374* Asbestos is neither mechanically strong 

nor flexible. (Yes/No) 

22.375. The dielectric strength of slate is 4 

kV/mm thickness. (Yes/No) 

22.376. Slate has low thermal conductivity, 

(Yes/No) 

22.377. Marble has dielectric strength of 6 

kV/mm thickness. (Yes/No) 

22.378. Bakelite is a type of.formaldehyde. 

22.379. The insulation resistance of ceramic is 

low. _ (Yes/No) 

22.380. Ceramic is suitable for electronic equip¬ 
ment particularly at....../requencies. 

22.381. The dielectric constant of glass varies 

from 3.8 to 16.2. (Yes/No) 

22.382. ... ...is impervious to water and gases, 
but water readily wets glass surfaces. 


22.360. Germanium crystallises in the diamond 

cubic lattice. (Yes/No) 

22.361. Cadmium sulphide melts only under 

low pressure. (Yes/No) 

22.362. Silicon carbide is extremely refractory. 

(Yes/No) 

22.363. Non-linear resistors are also called ...... 

22.364. The change of resistance in a magnetic 

field is called the ‘magneto-resistance 
effect*. (Yes/No) 

22.383. Cotton has high electric strength. 

(Yes/No; 

22.384. Cotton is hygroscopic. (Yes/No) 

22.385. Silk is less hygroscopic and has a 

higher dielectric strength than cotton, 
but like cotton it requires impregna¬ 
tion. (Yes/No) 

22.386. The dielectric strength of paper is 2 to 

5 kV/mm thickness. (Yes/No) 

22.387. Faper is hygroscopic and absorbent. 

(Yes/No) 

22.388. Silicon rubbers have high electrical in¬ 
sulating properties. (Yes/No) 

22.389. A plastic in a broadest sense is defined 

as any non-metallic material that can 
be moulded to shape. (Yes/No) 

22.390. Polythene is employed for insulation of 

wires and conductors. (Yes/No) 

22.391. Polyvinyl chloride becomes soft beyond 

40°C. (Yes/No) 

22.392. Specific gravity of polyvinyl chloride is 

1.03. (Yes/No) 

22*393. Polystyrene has a good ageing ability. 

(Yes/No) 

22.394. Melamines have little electric arc resis¬ 
tance. (Yes/No) 

22.395. Silicon resins posses good electrical in¬ 
sulating properties. (Yes/No) 

22.396. Varnishes improve insulating proper¬ 
ties. (Yes/No) 

22.397. Proof tests are made on completed mac¬ 

hines and apparatus at the "manu¬ 
facturer’s works. _ (Yes/No) 
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22.398. Dielectric constant of transformer oil is 

2.2. (Yes/No) 

22.399. Insulation resistance is the resistance 
between two conductors usually sepa¬ 
rated by insulting materials. (Yes/No) 

22.400. The dielectric loss does not occur in 


Dielectrics 


22.403. 

22.404. 

22.405. 

22.406. 

22.407. 

22.408. 

22.409. 

22.410. 


22.411. 


22.412. 


22.413. 


22.414. 


Dielectrics have free electrons. 

(Yes/No) 

Dielectric materials are essentially. 

materials. 

In capacitors dielectrics serve to pro¬ 
vide some needed value of. 

The energy of the charged capacitor is 
irreversible. (Yes/No) 

The leakage current is that current 
which is set up in a dielectric due to its 
electrical conductivity. (Yes/No) 

Surface leakage current passes over 

the surface of the. 

The dielectric power loss is inversely 
proportional to the frequency. 

(Yes/No) 

The loss tangent serves to characterise 
not only a given dielectric material, but 
also the insulation system of the machine, 
piece of electrical apparatus or device 
as a whole. (Yes/No) 

The intensity of the electric field at 
which breakdown occurs is called the 
‘dielectric’ or ‘electric strength’. 

(Yes/No) 

In a solid dielectric electro-thermal 
breakdown consists in its destruction 
due to heating produced by the dielectric 
losses. (Yes/No) 

The amount of heat evolved per unit 
volume in a given dielectric in unit time 
with an A.C. voltage in inversely propor¬ 
tional to frequency and electric field 
intensity. (Yes/No) 

‘Flashover’ is an insulation failure by 
discharge between the electrodes over 
the surface of an insulator. (Yes/No) 


liquid dielectrics. (Yes/No) 

22.401. The presence of . spaces produces 

harmful effects in the insulation. 

22.402. When a solid insulation containing air 

spaces is subjected to voltage, . 

occurs. 

22.415. The dielectric constants of liquids range 
from about 10 to about 50. (Yes/No) 

22.416. Impure liquids usually breakdown at 

much.voltages. 

22.417. The dielectric constants of gases are 

close to unity and nearly independent 
of frequency. (Yes/No) 

22.418. Dielectric strength is not influenced by 
the nature and purity of the gas. 

(Yes/No) 

22.419. Polarisation is a scalar quantity. 

(Ye^/No) 

22.420. Electronic polarisation is more pro¬ 

nounced in liquid and solid dielectrics 
than in gases. (Tes/No) 

22.421. Electronic polarisation increases with 

rise in temperature due to thermal ex¬ 
pansion. (Yes/No) 

22.422. The dielectric susceptibility deter¬ 
mines the value of the.constant. 

22.423. The time taken by the ionic polarisa¬ 

tion is smaller than electronic polarisa¬ 
tion. (Yes/No) 

22.424. Dipolar polarisation in solid and liquid 

dielectrics considerably raises the 
dielectric constants. (Yes/No) 

22.425. The majority of the dielectrics used in 
engineering as electrical insulators 
have ‘ionic conductivity’. (Yes/No) 

22.426. The electrical conductivity of solid di¬ 

electrics is not affected by the presence 
of various impurities. (Yes/No) 

22.427. Ionic conductivity is not observed in 
amorphous solid dielectrics. (Yes/No) 

22.428. The volume electrical conductivity of 
solid dielectrics in relatively weak 
electric fields is independent of the field 


Downloaded From : www.EasyEngineering.net 









Downloaded From : www.EasyEngineering.net 


ELECTRICAL ENGINEERGING MATERIALS 


22.27 


intensity and conforms with Ohm’s 
law. (Yes/No) 

22.429. Intrinsic conductivity of liquid di¬ 
electrics is not equal to zero, no matter 
how thoroughly they are purified. 

(Yes/No) 

22.430. The more thoroughly a liquid dielectric 
has been purified, the less difficult it is 
to maintain it uncontaminated. 

(Yes/No) 

22.431. The natural ionisation of the air causes 

equal quantities of negative and posi¬ 
tive charges to appear in it at the same 
time. (Yes/No) 

Ferro-electric Materials 

22.436. A substance loses its ferro-electric 
properties when the temperature ex¬ 
ceeds a certain value called Curie point. 

(Yes/No) 

22.437. Ferro-electric materials have a low 

dielectric constant. (Yes/No) 

22.438. Ferro-electric materials exhibit hyste¬ 
resis loops. (Yes/No) 

22.439. Rochelle salt has.Curie points. 

22.440. Nitrides are used for extremely . 

resistance dielectrics. 

22.441. The ferro-electric materials above Curie 

Magnetic Materials 

22.446. In magnetic materials state of mag¬ 
netisation cannot be induced. (Yes/No) 

22.447. Magnetic force is the force exerted by 

one magnet on another either to attract 
it or repel it. (Yes/No) 

22.448. Relative permeability is the ratio of 
flux density produced in vacuum to the 
flux density produces in the material. 

(Yes/No) 

22.449. Magnetic . is that property of the 

material which opposes the production 
of magnetic flux in it. 

22.450. The magnetic flux density which still 

persists in magnetic material even 
when the magnetising force is com¬ 
pletely removed is due to ‘retentivity’ 
property of the material. (Yes/No) 


22.432. The electrical conductivity of gases is of 
a combined nature ‘ionic’ and ‘electron’. 

(Yes/No) 

22.433. The leakage current of gases placed in 

a weak electric field is.proportional 

to the electric field intensity. 

22.434. The electrical conductivity contributed 
by ‘collision ionisation’ is called ‘inde¬ 
pendent electrical conductivity’. 

(Yes/No) 

22.435. At normal service conditions the tempera¬ 
ture exercises considerable effect on the 
electrical conductivity of the gases. 

(Yes/No) 

point have special properties. (Yes/No) 

22.442. The.polarisation vanishes at Curie 

temperature of the material. 

22.443. Ferro-electric materials are the dielec¬ 

trics analogous to ferro-magnetic mate¬ 
rials. (Yes/No) 

22.444. In ferro-electrics high electric field ap¬ 

plied to a device cannot cause voltage 
breakdown. \, Yes/No) 

22.445. The higher the dielectric constant, the 
higher the dielectric strength. 

(Yes/No) 

22.451. The temperature below which a ferro¬ 
magnetic material becomes paramag¬ 
netic is called Curie temperature. 

(Yes/No) 

22.452. Normal induction is a magnetostatic 

parameter usually measured by ballis¬ 
tic methods. (Yes/No) 

22.453. The magnetic susceptibility depends on 

the nature of the magnetic material 
and on its state. (Yes/No) 

22.454. The relative permeability of a ferro¬ 
magnetic material is less than unity. 

(Yes/No) 

22.455. Iron, cobalt and nickel are paramag¬ 
netic materials. (Yes/No) 

22.456. The permeability of cobalt is 250 and 
increases with the temperatures upto 
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22.457. 

22.458. 

22.459. 

22.460. 

22.461. 

22.462. 

22.463. 

22.464. 

22.465. 

22.466. 

22.467. 

22.468. 

22.469. 

22.470. 

22.471. 

22.472. 

22.473. 


300°C and loses its magnetic properties 
at about 1130°C. (Yes/No) 

Ferro-magnetism arises out of the. 

structure. 

Above the Curie temperature, the 
domains may disrupt and the material 
may lose its ferro-magnetic properties. 

(Yes/No) 

When the temperature is above Curie 
temperature the properties of ferro¬ 
magnetic materials are similar to those 
of paramagnetic materials. (Yes/No) 
The ferro-magnetic materials do not 
exhibit spontaneous magnetisation 
below theii Curie temperatures. 

(Yes/No) 

When a ferro-magnetic material is 
magnetised small changes in dimen¬ 
sions occur, the effect being known as 
‘magnetostriction. (Yes/No) 

Transverse magnetostriction is the 
change in dimension perpendicular to 
magnetisation direction. (Yes/No) 

The diamagnetic susceptibility is very 
large and positive. (Yes/No) 

All organic substances are. 

Soft magnetic materials have low per¬ 
meability. (Yes/No) 

Silicon improves magnetic properties. 

(Yes/No) 

The magnetic properties of ‘Permalloy* 
are very sensitive and are affected even 
by normal handling. (Yes/No) 

Ferrites have extremely high dielectric 
loss. (Yes/No) 

Magnetically hard materials have strong 
magnetic reluctance. (Yes/No) 

Saturation flux density of cobalt steel 
is 4.4 Wb/mm 2 . (Yes/No) 

Alnico is more expensive than Alni. 

(Yes/No) 

‘Cunife’ is malleable and ductile. 

(Yes/No) 

The permeability of grey cast iron is 
decreased by carbon somewhat in 


22.474. 


22.475. 


22.476. 


22.477. 


22.478. 


22.479. 

22.480. 

22.481. 

22.482. 

22.483. 

22.484. 

22.485. 


proportion to the amount of combined 
carbon and increased by silicon. 

(Yes/No) 

Cast steel is rarely usted for those por¬ 
tions of magnetic circuits which carry 
uniform or continuous flux and supe¬ 
rior mechanical strength. (Yes/No) 
Silicon steel has substantially nonage¬ 
ing characteristic obtained by the addi¬ 
tion of silicon as an alloying element. 

(Yes/No) 

Magnetic viscosity or time lag in mag¬ 
netisation is amply noticeable in soft 
iron members of large cross-section. 

(Yes/No) 

Alnico magnet alloys have the highest 
energy per unit of cost or volume of any 
permanent-magnet material commer¬ 
cially available. (Yes/No) 

Feebly magnetic materials are often 
employed to reduce eddy current heat¬ 
ing and to reduce energy losses of such 
parts as rotor-coil binding wire, shafts, 
bolts, filters, etc. (Yes/No) 

The magnets cannot be fabricated by 
ceramic techniques. (Yes/No) 

Magnets that have been metallurgically 
aged cannot be restored to their original 
strength by re magnetisation. 

(Yes/No) 

The relative magnetisation under a 
given field decreases as temperature 
approaches the Curie point. (Yes/No) 
The eddy currents produce a magnetic 
field of their own which helps the main 
field. (Yes/No) 

Iron losses should be kept as small as 
is economically possible. (Yes/No) 

The effect of tension on silicon steel is 
to decrease permeability until high flux 
densities are reached. (Yes/No) 

When the crystals of a ferro-magnetic 
material are cold worked they experience 
deformation as a result of which the 
material has very poor magnetic pro¬ 
perties. (Yes/No) 


Downloaded From : www.EasyEngineering.net 




Downloaded From : www.EasyEngineering.net 


ELECTRICAL ENGINEERING MATERIALS 

ANSWERS 

(Electrical Engineering Materials) 


A. Choose the Correct Answer : 


22.1. (c) 

22.2. (d) 

22.3. (c) 

22.4. (a) 

22.5. (a) 

22.6. (c) 

22.7. ( b) 

22.8. (c) 

22.9. (a) 

22.10. (c) 

22.11. (d) 

22.12. (a) 

22.13. (/) 

22.14. (a) 

22.15. (6) 

22.16. (a) 

22.17. (a) 

22.18. (d) 

22.19. (a) 

22.20. (e) 

22.21. (c) 

22.22. (a) 

22.23. (a) 

22.24. (c) 

22.25. (a) 

22.26. (c) 

22.27. ( b) 

22.28. (c) 

22.29. (a) 

22.30. (c) 

22.31. (d' 

22.32. (a) 

22.33. (cZ) 

22.34. (d) 

22.35. (a) 

22.36. (c) 

22.37. (a) 

22.38. (6) 

22.39. (6) 

22.40. (b) 

22.41. (6) 

22.42. (6) 

22.43. (a) 

22.44. (d) 

22.45. (a) 

22.46. (a) 

22.47. (c) 

22.48. (a) 

22.49. (c) 

22.50. (a) 

22.51. ( d) 

22.52. (c) 

22.53. (d) 

22.54. (c) 

22.55. (6) 

22.56. (a) 

22.57. (a) 

22.58. (c) 

22.59. ( b) 

22.60. (6) 

22.61. (a) 

22.62. ( d) 

22.63. (c) 

22.64. (e) 

22.65. (d) 

"22.66. (d) 

22.67. (a) 

22.68. ( d) 

22.69. (d) 

22.70. (e) 

22.71. (d) 

22.72. (d) 

22.73. ( d) 

22.74. (d) 

22.75. (d) 

22.76. (c) 

22.77. {d) 

22.78. (a) 

22.79. (b) 

22.80. (d) 

22.81. (c) 

22.82. (6) 

22.83. (of) 

22.84. (c) 

22.85. (a) 

22.86. (a) 

22.87. (o) 

22.88. (e) 

22.89. (e) 

22.90. (c) 

22.91. (a) 

22.92. (a) 

22.93. (6) 

22.94. (c) 

22.95. (6) 

22.96. (c) 

22.97. (6) 

22.98. (a) 

22.99. (c) 

22.100. (d) 

22.101. (c) 

22.102. (6) 

22.103. (c) 

22.104. (a) 

22.105. (a) 

22.106. (c) 

22.107. (e) 

22.108. (c) 

22.109. (b) 

22.110. (c) 

22.111. ( b ) 

22.112. (a) 

22.113. (a) 

22.114. (e) 

22.115. (c) 

22.116. (6) 

22.117. ( b) 

22.118. (of) 

22.119. (e) 

22.120. (a) 

22.121. (c) 

22.122. ( d) 

22.123. (c) 

22.124. (e) 

22.125. (d) 

22.126. (a) 

22.127. (6) 

22 . 128 . (cf) 

22.129. (e) 

22.130. (b) 

22.131. (e) 

22.132. (c) 

22.133. (c) 

22.134. (e) 

22.135. (a) 

22.136. id) 

22.137. (d) 

22.138. (d) 

22.139. (d) 

22.140. (c) 

22.141. (a) 

22.142. (a) 

22.143. (d) 

22.144. (c) 

22.145. (e) 

22.146. (e) 

22.147. (d) 

12.148. (d) 

22.149. (c) 

22.150. (a) 

22.151. (a) 

22.152. (6) 

22.153. (a) 

22.154. (d) 

22.155. (e) 

22.156. (a) 

22.157. ( d) 

22.158. (e) 

22.159. (6) 

22.160. (a) 

22.161. (d) 

22.162. (a) 

22.163. (a) 

22.164. (c) 

22.165. (c) 

22.166. (c) 

22.167. (6) 

22.168. (6) 

22.169. (a) 

22.170. (c) 

22.171. (c) 

22.172. (a) 

22.173. (c) 

22.174. (c) 

22.175.(6) 

22.176. (a) 

22.177. (c) 

22.178. (o) 

22.179. (a) 

22.180. (a) 

22.181. (6) 

22.182. (c) 

22.183. (c) 

22.184. (d) 

22.185. (a) 
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22.186. 

(d) 

22.187. (c) 

22.188. (e) 22.189. (e) 

22.190. (d) 

22.191. 

(a) 

22.192. (e) 

22.193. (a) 22.194. (c) 

22.195.(6)- 

22.196. 

(a) 

22.197. (d) 

22.198. (c) 22.199. (a) 

22.200. (d) 

B. Fill in the Blanks/Say *Yes’ 

or ‘No’: 


22.201. 

No 


22.202. Asbestos 

22.203. Yes 

22.204. 

No 


22.205. Yes 

22.206. No 

22.207. 

No 


22.208. metals 

22.209. strength 

22.210. 

stiffness 


22.211. No 

22.212. No 

22.213. 

Yes 


22.214. toughness 

22.215. No 

22.216. 

Yes 


22.217. Yes 

22.218. No 

22.219. 

Creep 


22.220. Yes 

22.221. Yes 

22.222. 

No 


22.223. Conductivity 

22.224. No 

22.225. 

Yes 


22.226. No 

22.227. Yes 

22.228. 

Yes 


22.229. No 

22.230. Co-ercive 

22.231. 

Yes . 


22.232. Yes 

22.233. No 

22.234. 

No 


22.235. Yes 

22.236. Yes 

22.237. 

No 


22.238. No 

22.239. atomic 

22.240. 

Isobars 


22.241. Yes 

22.242. No 

22.243. 

Yes 


22.244. Yes 

22.245. Yes 

22.246. 

No 


22.247. Yes 

22.248. Yes 

22.249. 

No 


22.250. valence 

22.251. loosely 

22.252. 

Yes 


22.253. No 

22.254. repeating 

22.255. 

Yes 


22.256. No 

22.257. primitive 

22.258. 

No 


22.259. Yes 

22.260. Yes 

22.261. 

No 


22.262. Atomic 

22.263. Yes 

22.264. 

No 


22.265. No 

22.266. Yes 

22.267. 

sharing 


22.268. Yes 

22.269. No 

22.270. 

No 


22.271. Yes 

22.272. Yes 

22.273. 

No 


22.274. Yes 

22.275. Yes 

22.276. 

Yes 


22.277. No 

22.278. Yes 

22.279. 

No 


22.280. resistivity 

22.281. Yes 

22.282. 

No 


22.283. Yes 

22.284. Yes 

22.285. 

Yes 


22.286. Yes 

22.287. Yes 

22.288. 

aluminium 


22.289. No 

22.290. No 

22.291. Tungsten 


22.292. Yes 

22.293. Yes 

22.294. 

No 


22.295. No 

22.296. Yes 

22.297. 

No 


22.298. No 

22.299. Yes 

22.300. 

Yes 


22.301. Yes 

22.302. No 

22.303. 

No 


22.304. Yes 

22.305. Yes 

22.306. 

No 


22.307. Yes 

22.308. Yes 
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22.309. 

No 

22.312. 

No 

22.315. 

Yes 

22.318. 

No 

22.321. 

No 

22.324. 

Yes 

22.327. 

No 

22.330. 

Yes 

22.333. 

No 

22.336. 

Yes 

22.339. 

magnet 

22.342. 

Yes 

22.345. 

No 

22.348. 

dielectrics 

22.351. 

Yes 

22.354. 

intrinsic 

22.357. 

Yes 

22.360. 

Yes 

22.363. 

varistors 

22.366. 

No 

22.369. 

Yes 

22.372. 

No 

22.375. 

No 

22.378. 

phenol 

22.381. 

Yes 

22.384. 

Yes 

22.387. 

Yes 

22.390. 

Yes 

22.393. 

Yes 

22.396. 

Yes 

22.399. 

Yes 

22.402. 

ionization 

22.405. 

capacitance 

22.408. 

dielectric 

22.411. 

Yes 

22.414. 

No 

22.417. 

Yes 

22.420. 

Yes 

22.423. 

No 

22.426. 

No 

22.429. 

Yes 


22.310. Yes 
22.313. Manganin 
22.316. Yes 
22.319. Yes 
22.322. Yes 
22.325. No 
22.328. Yes 
22.331. No 
22.334. Yes 
22.337. No 
22.340. No 
22.343. Yes 
22.346. No 
22.349. Yes 
22.352. semiconductor 
22.355. No 
22.358. Yes 
22.361. No 
22.364. Yes 
22.367. least 
22.370. Yes 
22.373. Yes 
22.376. Yes 
22.379. No 
22.382. Glass 
22.385. Yes 
22.388. Yes 
22.391. No 
22.394. No 
22.397. Yes 
22.400. No 
22.403. No 
22.406. No 
22.409. No 
22.412. Yes 
22.415. No 
22.418. No 
22.421. No 
22.424. Yes 
22.427. No 
22.430. No 


22.311. Yes 
22.314. Yes 
22.317. Yes 
22.320. Yes 
22.323. Yes 
22.326. Yes 
22.329. Yes 
22.332. Yes 
22.335. Yes 
22.338. Yes 
22.341. Yes 
22.344. No 
22.347. Yes 
22.350. No 
22.353. Yes 
22.356. No 
22.359. Yes 
22.362. Yes 
22.365. No 
22.368. Yes 
22.371. No 
22.374. Yes 
22.377. Yes 
22.380. high 
22.383. No 
22.386. No 
22.389. Yes 
22.392. Yes 
22.395. Yes 
22.398. Yes 
22.401. air 
22.404. insulating 
22.407. Yes 
22.410. Yes 
22.413. No 
22.416. lower 
22.419. No 
22.422. dielectric 
22.425. Yes 
22.428. Yes 
22.431. Yes 
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22.432. Yes 

22.433. directly 

22.434. Yes 

22.435. No 

22.436. Yes 

22.437. No 

22.438. Yes 

22.439. two 

22.440. heat 

22.441. No 

22.442.spontaneous 

22.443. Yes 

22.444. No 

22.445. No 

22.446. No 

22.447. Yes 

22.448. No 

22.449. reluctance 

22.450. Yes 

22.451. No 

22.452. Yes 

22.453. Yes 

22.454. No 

22.455. No 

22.456. Yes 

22.457. electronic 

22.458. Yes 

22.459. Yes 

22.460. No 

22.461. Yes 

22.462. Yes 

22.463. No 

22.464. diamagnetic 

22.465. No 

22.466. Yes 

22.467. Yes 

22.468. No 

22.469. Yes 

22.470. No 

22.471. Yes 

22.472. Yes 

22.473. Yes 

22.474. No 

22.475. Yes 

22.476. Yes 

22.477. Yes 

22.478. Yes 

22.479. No 

22.480. No 

22.481. Yes 

22.482. No 

22.483. Yes 

22.484. No 

22.485. Yes. 


□ □ 
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Electrical Machine Design 


23.1. INTRODUCTION 

23.1.1. Definition of Design 

Design may be defined as a creative physical realization of theoretical concepts. A good design 
entails the following major considerations : 

1. Cost 2. Durability 

3. Compliance with performance criteria as laid down in specifications. 

23.1.2. Basic Structure of an Electromagnetic Rotating Electrical Machine 

An electromagnetic rotating machine consists of the following parts : 


1. Magnetic circuit 
3. Dielectric circuit 
5. Mechanical parts. 

23.1.3. Design-Limitations 
1. Saturation 
3. Insulation 
5. Mechanical parts 
7. Power factor 
9. Standard specifications. 


2. Electric circuit 

4. Thermal circuit 


2. Temperature rise 
4. Efficiency 
6. Commutation 
8. Consumer’s specification 


23.2. TYPES/SYSTEMS OF VENTILATION 

1. Induced ventilation 2. Forced ventilation 

3. Radial ventilating system 4. Axial ventilation system 

5. Combined axial and radial ventilating system. 


23.3. COOLING OF TURBO-ALTERNATORS 

1. Air Cooled Alternators 

{i) One sided axial ventilation 
(Hi) Multiple inlet system. 

2. Hydrogen Cooled Alternators 
Advantages of hydrogen cooling are : 

(i) Increase in efficiency 
(Hi) Increase in life 
(v) Smaller size of coolers. 


(ii) Two sided axial ventilation 


(ii) Increase in rating 

(iv) Elimination of fire hazard 

(vi) Less noise. 


23.1 


Downloaded From : www.EasyEngineering.net 


Downloaded From : www.EasyEngineering.net 
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3. Direct Cooled Alternators 

Cooling used for direct cooling are : 

(i) Hydrogen (ii) Water. 

Note. High grade transformer oil is an effective coolant and being used in U.S.A. for direct cooling of 
stator conductors. But oil has a flashpoint which can be reached by machine under fault conditions and therefore 
it can be damaging to armature insulation should there be leakage in the internal cooling system. 

23.4. SOLID BODY HEATING 

Heating. The equation for heating is given as : 

0 = 0 „, (1 - e~ i/T >') + 0 i e~ i/T '< 

i ft T1 

= 0 m (1 - e 7 D .if the machine starts from cold conditions. 

where 0 = temperature rise at any time t,° C ; 

0 W = final steady temperature rise while heating, °C ; 

0,; = initial temperature rise over ambient; medium, °C ; 
t = time, s ; 

T) h = heating time constant, s. 

Heating time constant may be defined, as the time taken by the machine to attain 0.632 of its 
final steady temperature rise. Its value for conventional electrical machines usually lies within the 
range of ^ to 3-4 hours. 

Cooling. The equation for cooling is given as : 

0 = 0 /2 (1 — e~ ^ c ) + 0; e~ ^ .for partial removal of load 

= 0; e~ ^ .if the machine is shut down. 

where 0„ = final steady temperature rise while cooling, °C ; 

T c = cooling time constant, s. 

Cooling time constant may be defined, as the time taken by the machine for its temperature rise 
to fall to 0.368 of its initial value. 


23.5. MOTOR RATING FOR VARIABLE LOAD DRIVES 

Following are the commonly used methods for determination of motor rating for variable load 

drives. 


1 . Method of average losses. 

Qau = 


Qlh + $ 2^2 + Qtfs + + QnPn 


...(23.1) 


t\ + t<i + £3 +. + t n 

It may be checked that the motor selected has a sufficient overload capacity and starting torque. 
2 . Equivalent current method. 

j _ V i 2 h + fFh + t . + i ’^ tn 

eq ' t\+t2 + t% + . + t n 


...(23.2) 


The equivalent current (I eq ) selected from eqn. (23.2) should be compared with the rated 
current of the motor and conditions I eq <; I nom should be met. ([ nOTn is the rated current of the machine). 
The machine selected should also be checked for its overload capacity. 
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For D.C. rnot'trfi : 

For indue lion motors 


I wax 

l not n 
J mnx 
l notn 


< 2 to 2.5 

< 1.65 to 2.75 


where l mn x = maximum current during the work cycle 

T max = maximum load torque 

T„r,w = torque of the motor at rated power and speed. 
3. Equivalent torque and. equivalent power methods. 


,vS 


+ 1 •'I'l'i + / 3^3 + ■ 




w. - * , , . . ...(23.3) 

1 1 + 1 2 + t'j +. + tji 

At constant speed or where the changes in speed are small, the equivalent power is given by 


the relation. 






t-l + + P.3^3 + + P n t n 


* t\ + t% + £3 + . + t n 

The equivalent current method, is the most accurate out of above mentioned methods 


...(23.4J 


23.6. MAGNETIC CIRCUITS 


— Gap contraction factor for slots. 



where y s = slot pitch 

K rs = Carter’s gap co-efficient 
IV* = width of slot. 

— Gap contraction factor for ducts , 

K 1 

s ' 1 " L-K vl n d W d 

where L = length of the machine 

K cd = Carter’s co-efficient for ducts 

n r \ = number of ducts 
W r j = width of duct. 

— Total gap contraction factor (K g ) for slats and ducts , 
■ K g = K gi x K s ,j . 

— The air gap mmf for slotted armature. 

AT S = 8,00,000 B K ? l € 

where B = flux density 

l g = length of air gap. 

23.7. TRANSFORMERS 


...(23.5) 


...(23.6) 


..(23.7) 


23.7.1. Cooling of Cores 

— In transformers of medium and high capacity with diameter of circumscribing circle 
D > 0 . 35 , the cooling must be augmented by dividing the core into different stacks with 
longitudinal oil ducts (usually 6 mm wide) running parallel to the laminations. 
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— In transformers of very high capacity tD > 0.8 m.) longitudinal ducts may not be sufficient 
and as heat flows more readily along the laminations, it is necessary' to increase the area 
of lamination edges by using transverse ducts which may be 10-12 mm wide. 

23.7.2. Transformer Windings 

Following types of windings are used for core type of transformers : 

1. Cylindrical windings 2. Helical windings 

3. Double helical windings 4. Multi-layer helical windings 

5. Cross-over windings 6. Disc and continuous disc winding 

7. Aluminium foil windings. 

23.7.3. Transformer Oil 

Some of the important characteristics necessary or desirable in transformer oil are : 

1. Electric strength. The minimum strength of new oils should be 3 kV mm (r.m.s.L 

2. Resistance to emulsion. The oil should have a high resistance to emulsion. 

3. Viscosity. It should be small to permit rapid circulation of oil. 

4. Purity. The oil must not contain any acid, alkali, and sulphur compounds as these cause 
corrosion of metal parts and insulation. 

5. Flash point . It should be higher than 104 3 C. 

6. Sludge formation. Sludging means the slow formation of solid hydrocarbons due to heating 
and oxidation. The process of sludge formation and consequent overheating continues, till the 
transformer becomes unserviceable. To prevent sludge formation, contact of oil with air should be 
nr(ailed. ■ 

Transformer oil is normally tested once every year and. if found below standard, may be 
treated by a centrifuge or filter unit. 

23.7.4. Output of Transformer 

Single phase transformer 


Q = 2.22 fB, nzx b K u . A w A, x 1CT 3 kVA 

...(23.8) 

Three phase transformer 


Q = 3.33 fB max b K u .A u .Aj x 1CT 3 kVA 

...(23.9) 


where Q - rating of transformer 

f = frequency, Hz 

0 

B m . lx = maximum flux density. Wb rrr 
6 = current density. A mm 2 
K u . - window space factor 
A u . = window area, m 2 
Aj = net core area, m 2 

Volt per turn, E t = KxTJ ...(23.10) 

where K = constant 

= 0.75 to 0.85 for single phase core type 
= 0.45 for 3-phase core type (distribution! 

= 0.6 to 0.7 for 3-phase core type (power) 

= 1.0 to 1.2 for smgle phase shell type 
= 1.3 for 3-phase shell type. 
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Net core area, A t - = k c d? 

where d = diameter of circumscribing circle 
k c - constant 


Maximum value of flux densities, B max 

(A) For transformers using hot rolled, silicon steel : 

Distribution transformer 1.1 to 1.35 Wb/m 2 

Power transformer 1.25 to 1.45 Wb/m 2 

Lower values should be used for small rating transformers. 

(B) For transformers using cold rolled, gt'ain oriented steel : 

For transformers upto 132 kV 1.55 Wb/m 2 

For 275 kV transformers 1.6 Wb/m 2 

For 400 kV and generator transformers 1.7 Wb/m 2 . 

Current densities, 6 

6 = 1.1 to 2.3 A/mm 2 for distribution and small power transformers, self oil cooled type upto 
50 kVA. 

6 = 2.2 to 3.2 A/mm 2 for large power transformers, self oil cooled type or air blast. 

6 = 5.4 to 6.2 A/mm 2 for large power transformers with forced circulation of oil or with water 
cooling coils. 

23.8. D.C. MACHINES 
Output equation 

P a = C Q D 2 Ln kW ...(23.11) 

(C fJ = output co-efficient = jt 2 B au ac x 10 -3 ) 
where P a = power developed by armature 
B av = average flux density 
D = armature diameter 
L = core length 
ac = ampere conductors 
n - speed, r.p.m. 

Power developed by the armature, P a , is different from the rated power output P, of the 
machine. The relationship between P a and P is as follows : 

P a ~ P/r\ for generator = P for motors 
(where x\ = efficiency of the machine) 

— The value of air gap density should be so chosen that the flux density at the root of the 
teeth (where the tooth section is mmimumj does not exceed a value of 2.2 Wb im 

— The value of ZL (maximum gap density) varies between 0.55 to 1.15 Wb/m^ and the 
corresponding values of B au are 0.4 to 0.8 Wb/m 2 . 
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0.45 for square core 
0.56 for cruiform core 
0.60 for three stepped core 
0.62 for four stepped core. 
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Armature diameter 

The following factors should be considered when selecting suitable value for armature 
diameter. 

1 . Peripheral speed . It lies between 15 to 50 m/s, the lower values correspond to low speed 
machines, speed should not normally exceed 30 m/s. 

2 . Pole pitch . The pole pitch obtained after selecting a suitable diameter, may be used as a 
check for the number of poles. 

Poles Pole pitch (mm) 

2 upto 240 

4 between 240 and 350-400 

6 between 350 to 400-450 

Above 6 450-500 

Pole proportions 

E = b p to 2b p a 0.45 x to 1.1 x or ^ = 0.45 to-1.1 
Usually the ratio —■ lies between 0.7 to 0.9 


For square pole face : L = b = \\> x 
where = 0.64 to 0.72 (xj) = pole arc/pole pitch) 

Number of slots /per arc = . 

Ventilating ducts 

If the length of the armature core exceeds 0.12 m, radial ventilating ducts are used for cooling 
the armature. A radial duct is provided for approximately every 70 mm (or 0.07 m) of core length. 
The width of ducts is usually 10 mm. 

Factors to be considered for choice of number of armature slots 

Slot pitch. The usual limit is between 25 to 35 mm except in the case of very small machines, 
where is may be 20 mm and even less. 

Slot loading. The slot loading, i.e., number of ampere conductors per slot should not exceed 
about 1500. 


Commutation. The slots per pole should be at least 9 in order to prevent sparking. The number 
of slots per pole usually lies between 9 to 16. In very small machines the number may go down to 8 
(as the internal resistance is high in their case). 

Current density 6 

The following values of current density may be used : 

6 = 4.5 A/mm 2 for large strap wound armatures with very good normal ventilation. 

6 = 5 A/mm 2 for small wire wound armatures with very good normal ventilation. 

6 = 6 to 7 A/mm 2 for high speed fan ventilated machines. 


Design of Commutator 

1 . Number of segments. The number of segments is equal to the number of coils or segments 
C=\uS 


Minimum number of segments 


Exp 
15 * 
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23.7 


2. Commutator diameter 

— The commutator diameter generally lies between 0.6 to 0.8 of armature diameter. 

— The commutator peripheral speed is generally kept below 15 m/s. Higher peripheral 
speeds upto 30 m/s are used but should be avoided wherever possible as they lead to 
commutation difficulties. 


— The pitch of commutator segment should not be less than 4 mm 

3. Length of commutor ( L c ) 

L c = n^ (wb + C5) + Ci + C 2 ...(23.12) 

where c b - clearance between the brushes 

Wh = width of each brush 


Also, 


n^ = number of brushes per spindle 

Ci = clearance allowed for staggering the brushes 

C 2 = clearance for allowing end play 

2 I a 

w b = —£- T ' 

P rib tb 


The number nb is so selected that each brush does not carry more than 70 A. 

4. Losses at commutator surface. The losses at the commutator are the brush contact losses 
and the brush friction losses . 


23.9. THREE PHASE INDUCTION MOTOR 

23.9.1. Stator Design 
Output Equation 

The output equation for AC. machines is : 

kVA input Q = C 0 D 2 L n ...(23.13) 

Output co-efficient, C 0 = 1.1 K w B av ac x lO^ 3 ~~ 

where D = diameter of the stator bore, m 
L = store core length, m 
n = speed, r.p.s. 

K w = winding factor 
3 au = average flux density 
ac = ampere conductors. 

— For 50 Hz machines of normal design the value of B av lies between 0.3 and 0.6 Wb/m 2 . 
For machines used in cranes, rolling mills etc., where a large overload capacity is required, 
a value of 0.65 Wb/m 2 may be used. 

Ratio of core length to pole pitch (L/x) for various design features 

The ratio L/x for various design features is : 

(t) 1.5 to 2 for minimum cost (ii) 1.0 to 1.25 for good power factor 

(Hi) 1.5 for good efficiency (iv) 1.0 for good overall design 

(v) V0.18 L fpr best power factor. 

In general, the value of L/x lies between 0.6 and 2 depending upon the size of machine and 
the characteristics desired. 

Peripheral speed. For a normal design the diameter should be so chosen that peripheral 
speed does not exceed about 30 m/s. Standard constructions can generally be used for peripheral 
speeds upto 60 m/s. 
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Ventilating ducts. If the core length exceeds 100 to 125 mm, the stator is provided with 
radial ventilating ducts, each of width about 8 to 10 mm. 

Stator conductors. The current density in the stator windings is usually between 3 to 5 
A/mm 2 . 

— For lower values of currents round conductors would be most convenient to use. 

— For higher currents bar or strip conductors should be adopted. 

Stator teeth. The mean flux density in stator teeth should not exceed 1.7 Wb/m 2 . 

Minimum width of stator tooth, 

§max 


WtX 


,ts,min ~ i.i xtsMu 

A check for minimum tooth width using eqn. (23.14) should be applied before finally deciding 
the dimensions of stator slot. 

23.9.2. Rotor Design 

Length of air gap (l g ). The following expression can be used to estimate the length of air 
gap of small induction motors : 

l g = 0.2 + 2 VDL mm ...(23.15) 

where D and L are expressed in metres. 

23.9.2.1. Design of squirrel cage motors 
The harmonic fields are produced due to : 

(i) Windings ( ii ) Slotting 

(iii) Saturation (iv) Irregularities in the air gap. 

Rules to select rotor slots 

1 . The number of rotor slots should never be equal to stator slots but must either be larger or 
smaller. 

2. The difference between stator slots and rotor slots should n °t be equal to p, 2 p or 5 p to 

avoid synchronous cusps. 

3. The difference between the number of stator and rotor slots should not be equal to 3 p for 
3-phase machines in order to avoid magnetic locking. 

4. The difference between number of stator slots and rotor slots should not be equal to 1, 2, 
(p ± 1) or (p ± 2) to avoid noise and vibrations . 

Harmonic torques can be reduced/eliminated by the methods given below : 

(i) Chording (ii) Integral slot windings 

(iii) Skewing (iv) Increase in air gap length. 

Rotor bar current (I b ) 


...(23.14) 


2 m s K ws T s 

h =- g - I s cos ♦ 

(for a 3-phase machine, m 3 = 3) 

Current density ( 65 ) in rotor bars may be taken between 4 to 7 A/mm 2 . 
Design of end ring 

R.m.s. value of end ring current, 

T SrIh 
6 Tip 


.(23.16) 


...(23.17) 


Downloaded From : www.EasyEngineering.net 





Downloaded From : www.EasyEngineering.net 


electrical MACHINE DESIGN 


23.9 


23.9.2.2. Design of wound rotor 

E r _ K wr T r 

K-K7s x r s 

where T s> T r = number of turns per phase for stator and rotor respectively 
K ws , Kwr = winding factor for stator and rotor respectively 
E a = stator voltage per phase 
E r - rotor voltage per phase at stand still. 


...(23.18) 


23.9.2.3. Dispersion co-efficient 

It is defined as the ratio of magnetising current to ideal short-circuit current. A small value of 
dispersion co-efficient indicates a good power factor while a large value of dispersion co-efficient 
means a poor po wer factor. 


23.10. SYNCHRONOUS MACHINES 

Types of synchronous machines 

1. Hydro-generators. They have ratings upto 750 MW and are driven at speeds ranging from 
100 to 1000 r.p.m.- 

2. Turbo-alternators. They have ratings upto 1000 MW and are designed for speeds upto 3000 

r.p.m. 

3. Engine driven generators. They have ratings upto 20 MW and are driven at speeds upto 
1500 r.p.m. 

4. Motors. 

5. Compensators . 

Run-away speed . It is defined as the speed which the primemover would have, if it is suddenly 
unloaded when working at its rated load . 

— The synchronous machines driven by steam turbines may be designed for only 1.25 times 
the rated speed. 

— In water turbines, following are the values of run-away speeds with full gate opening : 
Pelton wheel 1.8 times rated speed 

Francis turbine 2 to 2.2 times rated speed 

Kaplan turbine 2.5 to 2.8 times rated speed. 

— The maximum peripheral speed for which salient pole machines are designed is about 140 m/s 
while turbo-alternators are designed for a maximum peripheral speed of about 175 m/s. 

Average gap density and specific electric loadings 

Following are the normal values of gap density for the conventionally cooled generators : 
Salient pole machines 0.52 to 0.65 Wb/m 2 

Turbo-alternators 0.54 to 0.65 Wb/m 2 

Lower values apply to smaller sized machines. 

Following are the usual values for specific electric loadings, used in conventionally cooled 
generators : 

Salient pole mechines 20,000 to 40,000 

Turbo-alternators d50,000 to 75,000 

Downloaded From : www.EasyEngineering.net 




Downloaded From : www.EasyEngineering.net 


23.10 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


Design of Salient Pole Machines 

C i ) Round poles. Length of pole = width of the pole shoe i.e. L = b s and ratio — = 0.6 to 7. 

x 

(ii) Rectangular poles. ^ = 1 to 5. 

Peripheral speeds. The values of allowable peripheral speeds for different types of pol e 
attachments are : 

Bolted on pole construction 50 m/s 

Dovetailed and T-head construction 80 m/s 

Slot pitch 

Following are the usual values for slot pitch : 
y s z 25 mm for low voltage machines 
y s <, 40 mm for 6 kV or low voltage machines 
y s s 60 mm for machines up to 15 kV. 

— The stator slot pitch for large hydro-electric generators varies between 50 mm and 90 mm. 
— In salient pole machines, the number of slots per pole per phase is usually between 2 to 4. 
Current density 

For normally cooled machines 3 to 5 A/mm 2 

Flux density in teeth 

The flux density in teeth at no load should not be more than 1.7 to 1.8 Wb/m 2 . 

OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer : 

23.1. Which of the following is the major 
, consideration to evolve a good design ? 

(a) Cost (6) Durability 23.5. 

(c) Compliance with performance cri¬ 
teria as laid down in specifications 

(d) All of the above 

23.2.impose limitation on design. 

(а) Saturation 23.6. 

(б) Temperature rise 

(c) Efficiency (d) Power factor 

(e) All above 

23.3. The efficiency of a machine should be 

as.as possible to reduce the operat¬ 

ing cost. 

(a) high (b) low 23.7. 

(c) either of the above 

(d) none of the above 

23.4. If an insulating material is operated 

beyond the maximum allowable tempe¬ 
rature, its life is 23.8. 

(a.) drastically increased 

(b) drastically reduced 

Downloaded 


(c) unaffected 

(d) none of the above 

The design of mechanical parts is parti¬ 
cularly important in case of.speed 

machines. 

(a) low (6) medium 

(c) high (d) any of the above 

In induction motors, the length of air 
gap in kept as small as mechanically 
possible is order to have 

(а) low power factor 

(б) high power factor 

(c) high over load capacity 

( d ) any of the above 

In.machines, the size of the shaft is 

decided by the critical speed which 
depends on the deflection of the shaft, 
(a) small (6) medium 

(c) large {d) any of the above. 

The length of air gap to be provided in 

. is primarily determined by power 

factor consideration. 

From : www.EasyEngineering.net 








Downloaded From : www.EasyEngineering.net 


electrical machine design 


(а) d.c. series motor 

(б) d.c. shunt motor 

(c) induction motor 

( d ) synchronous motor 

23.9* Electrical machines having a power 
output upto about 750 W maybe called 
.machines. 

(a) small size (6) medium size 
(c) large size (d) any of the above 

23.10. Electrical machines having power out¬ 

puts ranging from a few kW upto 
approximately 250 kW may be classi¬ 
fied as . 

(а) small size machines 

(б) medium size machines 

(c) large size machines 

(d) any of the above 

23.11. Commercial available medium size 

machines have a speed range of. 

(а) 200 to 400 r.p.m. 

(б) 600 to 1000 r.p.m. 

(c) 1000 to 1500 r.p.m. 

(d) 2000 to 2500 r.p.m. 

23.12. The action of electromagnetic machines 
can be related to which of the following 
basic principles ? 

(a) Induction ( b ) Interaction 

(c) Alignment (d) All of the above 

23.13. The change in flux linkages can be 
caused in which of the following ways ? 

(a) The flux is constant with respect to 
time and is stationary and the coil 
moves through it 

(b) The coil is stationary with respect 
to flux and the flux varies in mag¬ 
nitude with respect to time 

(c) Both the changes mentioned above 
occure together, i.e., the coil moves 
through a time varying field 

(d) All of the above 

23.14.is universally used for windings of 

electrical machines because it is easily 
workable without any possibility of 
fracture. 

(a) Silver (b) Steel 

(c) Aluminium (d) Copper 

23.15. Aluminium when adopted as a conduc¬ 
tor material in . transformers, 


decreases the overall cost of the trans¬ 
former 

(a) small size (6) medium size 

(c) large size 

(d) any of the above size 

23.16. Which of the following materials is used 
in the manufacture of resistance grids 
to be used in the starters of large 
motors ? 

(a) Copper (6) Aluminium 

(c) Steel ( d ) Cast-iron 

23.17. Materials exhibiting zero value of resis¬ 
tivity are known as. 

(a) conductors (6) semiconductors 

(c) insulators (d) superconductors 

23.18 .has a low relative permeability and 

is used principally in field frames when 
cost is of primary importance and extra 
weight is not objectionable. 

(a) Cast steel (6) Aluminium 

(c) Soft steel (d) Cast iron 

23.19 .is extensively used for those por¬ 

tions of magnetic circuit which carry 
steady flux and need superior mechani¬ 
cal properties ? 

(a) Grey cast-iron (6) Cast steel 

(c) High carbon steel 

(d) Stainless steel 

23.20. Hot rolled sheets have . value of 

permeability 

(a) zero (6) low 

(c) high (d) none of the above 

23.21. The heated parts of an electrical 
machine dissipate heat into their sur¬ 
roundings by which of the following 
modes of heat dissipation ? 

(<z) Conduction ( b ) Convection 

(c 1 ) Radiation (d) All of the above 

23.22. The heat dissipated by ...... from a sur¬ 
face depends upon its temperature and 
its characteristics like colour, rough¬ 
ness etc. 

(a) conduction (6) convection 

(c) radiation (d) any of the above 

23.23. The increase in heat dissipation by air 

blasts is due to increase in. 

(a) conduction (b) convection 

(c) radiation (d) any of the above 
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23.24. On which of the following variables heat 
convected depends ? 

(а) Power density 

(б) Temperature difference between 
heated surface and coolant 

(c) Thermal resistivity, density, specific 
heat 

(d) Gravitational constant 

(e) All of the above 

23.25. Which of the following methods is used 
for air cooling of turbo-alternators ? 

(a) One sided axial ventilation 

(b) Two sided axial ventilation 

(c) Multiple inlet system 

( d ) All of the above 

23.26. Multiple inlet system of air cooling of 
turbo-alternators can be used for 
machines of rating upto 

(a) 10 MW (6) 30 MW 

(c) 60 MW (d) 150 MW 

23.27. Which of the following is an advantage 
of hydrogen cooling ? 

(а) Increase in efficiency 

(б) Increase in rating 

(c) Increase in life 

(d) Smaller size of coolers 

(e) All of the above 

23.28* The density of hydrogen is .times 

the density of air. 

(a) 0,07 ( b) 1.5 

(c) 2.5 (d) 3.5 

23.29. Hydrogen has a heat transfer co-effi¬ 
cient .times that of air 

(a) 1.5 (6) 2.5 

(c) 3.5 (d) 4.5 

23.30. The thermal conductivity of hydrogen 

is.times that of air 

(a) 2 ( b ) 3 

(c) 5 (d) 7 

23.31. With conventional hydrogen cooling it 
is possible to increase the rating of a 
single unit to 

(a) 50 MW (b) 100 MW 

(c) 200 MW 

( d) none of the above 

23.32. The noise produced by a . cooled 

machine is less as the rotor moves in a 
medium of smaller density. 


(a) air (5) hydrogen 

(c) either (a) or ( 6 ) 

(d) none of the above 

23.33.cooling is the process of dissipating 

the armature and field winding losses 
to a cooling medium circulating within 
the winding insulation wall 
(a) Direct ( 6 ) Indirect 

(c) Conventional {d) Any of the above 

23.34. Machines cooled by direct cooling 
method may be called 

(a) “supercharged” 

(b) “inner cooled” 

(c) “conductor cooled” 

(d) any of the above 

23.35. In direct cooled system using hydrogen 
both stator and rotor conductors are 
made 

(a) solid (b) hollow 

(c) perforated (d) any of the above 

23.36. With direct water cooling it is possible 
to have ratings of about 

(a) 200 MW ( 6 ) 300 MW 

(c) 400 MW (d) 600 MW 

23.37. The resistivity of water should not be 
less than 

(a) 10 Q, m ( 6 ) 100 Q m 

(c) 1000 Q m {d) 2000 Q m 

23.38. Direct water cooling of rotor winding 
presents 

(а) no mechanical difficulties 

( б ) lesser mechanical difficulties 

(c) greater mechanical difficulties 

(d) none of the above 

23.39. The time taken by the machine to attain 
0.632 of its final steady temperature 
rise is called 

(a) heating time constant 

(b) cooling time constant 

(c) either (a) or ( 6 ) 

(d) none of the above 

23.40. In self cooled motors the cooling time 

constant is about.than the heating 

time constant because cooling condi¬ 
tions are worse at standstill. 

(а) 2 to 3 times greater 

( б ) 3 to 4 times greater 

(c) 4 to 5 times greater 

( d ) none of the above 
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23.41. By which of the following methods motor 
rating for variable load drives can be 
determined ? 

(а) Method of average losses 

(б) Equivalent current method 

(c) Equivalent torque method 

(d) Equivalent power method 

(e) All of the above 

23.42. Which of the following methods does 
not take into account the maximum 
temperature rise under variable load 
conditions ? 

(a) Equivalent power method 

(b) Equivalent current method 

(c) Method of average losses 
{d) Equivalent torque method 

23.43. Which of the following methods is most 
accurate ? 

(а) Equivalent current method 

(б) Equivalent power method 

(c) Equivalent torque method 

(d) Method of average losses 

24.44. By which of the following methods the 
temperature rise of windings and other 
parts may be determined ? 

(a) Thermometer method 

(b) Resistance method 

(c) Embedded temperature detector 
method 

(d) Any of the above 

24.45. The slot leakage can be calculated by 
making which of the following assump¬ 
tions ? 

(а) The current in the slot conductors is 
uniformly distributed over their 
cross-section 

(б) The leakage path is straight across 
the slot and around the iron at the 
bottom 

(c) The permanence of air paths is only 
considered. The reluctance of iron 
paths is assumed as zero 

(d) All of the above 

23.46. The value of exciting or magnetizing 
current depends upon which of the fol¬ 
lowing factors ? 

(а) Total m.m.f. required 

(б) The number of turns in the exciting 
winding 


23.13 

(c) The way in which the winding is 
distributed 
{d) All of the above 

23.47. Tractive magnets are operated from 
(a) a.c. supply (6) d.c. supply 

(c) either a.c. or d.c. supply 

(d) none of the above 

23.48.electromagnets generally function 

as holding magnets. 

(a) Tractive ( b ) Portative 

(c) Either of the above 

(d) None of the above 

23.49. Which of the following is the commonly 
used type of electromagnets ? 

(а) Flat-faced armature type 

(б) Horse shoe type 

(c) Flat-faced plunger type 

(d) All of the above 

23.50.are used for construction of core of 

electromagnets. 

(а) Soft magnetic materials 

(б) Hard magnetic materials 

(c) Either (a) or (6) 

(d) None of the above 

23.51. The design of electromagnets is based 
upon which of the folio wine: fundamen¬ 
tal equations ? 

(a) Force equation 

(b) Magnetic circuit equation 

(c) Heating equation 

(d) Voltage equation 

( e ) All of the above 

23.52. When the two coil sides forming a coil 
are spaced exactly one pole pitch apart 
they are said to be of 

(a) short pitch (6) full pitch 

(c) either of the above 

( d ) none of the above 

23.53.are always double layer type. 

(а) Closed windings 

(б) Open windings 

(c) Either of the above 

(d) None of the above 

23.54. The distance between the starts of two 
consecutive coils measured in terms of 
coil sides is called 

(a) front pitch (6) winding pitch 

(c) commutator pitch 

(d) back pitch 
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23.55. The winding where dummy coils are 
used is sometimes called 

(a) duplex winding 

( b ) triplex winding 

(c) forced winding 

(d) none of the above 

23.56. Dummy coil should not be used in 

(а) small machines 

(б) large machines 
(c) either (a) or (6) 

(i d ) none of the above 

23.57. Power transformers have rating 

(а) equal to 50 kVA 

(б) equal to 100 kVA 

(c) above 200 kVA 

(d) none of the above 

23.58. Power transformers should be designed 
to have maximum efficiency 

(a) at one-fourth load 
' (6) at one-half load 

(c) at or near full load 
{d) any of the above 

23.59. In transformers using hot rolled steel, 
the cross-section of the yoke is made 

about.greater than that of the core 

(a) 5 percent (6) 10 percent 

(c) 15 percent (d) 30 percent 

(e) none of the above 

23.60. Yokes with rectangular cross-section 
are used for 

(a) small capacity transformers 

(b) medium capacity transformers 

(c) large capacity transformers 

(d) any of the above 

23.61. The cold rolled grain oriented steel has 

.permeability in the direction of the 

grain orientation. 

(a) minimum (b) maximum 
(c) nil (d) none of the abov 

23.62. Cylindrical windings using circular 
conductors, employed in transformers, 
are 

(a) single layered (6) double layered 

(c) multi-layered 

(d) none of the above 

23.63. Helical windings are used in 

(а) distribution transformers 

(б) power transformers 
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(c) shell type transformers 

( d ) none of the above 

23.64. Multi-layer helical windings are com¬ 
monly used in the transformers as high 
voltage windings 

(a) upto 20 kV (6) upto 50 kV 

(c) upto 80 kV 

(d) for 110 kV and above 

23.65. Disc windings are primarily used in 

(а) short capacity transformers 

(б) medium capacity transformers 

(c) high capacity transformers 

(d) any of the above 

23.66. The heat dissipating capability of 
transformers of ratings higher than 30 
kVA in increased by providing which of 
the following ? 

(a) Corrugations (6) Fins 

(c) Tubes (d) Radiator tanks 

( e ) All of the above 

23.67. Transformers with a capacity of upto 

.have a cooling radiator system with 

natural cooling 

(a) 2 MVA (b) 5 MVA 

(c) 7.5 MVA (d) 10 MVA 

23.68. The forced oil and air circulation 
method is usual one for transformers of 
capacities 

(a) upto 5 MVA (b) upto 10 MVA 

(c) upto 20 MVA 

(d) 30 MVA upwards 

23.69. The flash point of transformer oil should 
be higher than 

(a) 40°C (b) 60°C 

(c) 80°C (d) 104°C 

23.70. The voltage control in electric supply 
networks in required on account of 
which of the following reasons ? 

(а) Adjustment of voltage at consumers 
premises within statutory limits 

(б) Control of active and reactive power 

(c) Adjustment of short period daily 
and seasonal voltage variations in 
accordance with variations of load 

( d ) All of the above 

23.71. In a transformer the voltage per turn 

(E t ) is calculated from the equation 
(a)E t =K.Q. (b)E t =KVQ 

(c) Et = K.Q m {d) Et = K.Q. 5/2 
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23.72. The usual values of maximum flux den¬ 
sities for distribution transformers using 
hot rolled silicon steel are 

(a) 0.5 to 0.8 Wb/m 2 

(b) ,0.8 to 1.0 Wb/m 2 

(c) 1.1 to 1.35 Wb/m 2 

(d) 1.4 to 1.8 Wb/m 2 

23.73. For 275 kV transformers, using cold 
rolled grain oriented steel, which of the 
following values of flux density may be 
used ? 

(a) 1.0 Wb/m 2 ( b ) 1.1 Wb/m 2 

(c) 1.3 Wb/m 2 (d) 1.6 Wb/m 2 

(e) None of the above 

23.74. For large power transformers, self oil 
cooled type or air blast type which of the 
following values of current density may 
be used ? 

(a) 1.0 to 1.2 A/mm 2 

( b ) 1.5 to 2.0 A/mm 2 

(c) 2.2 to 3.2 A/mm 2 
{d) 3.2 to 4.2 A/mm 2 

23.75. A current density of. is Used for 

large power transformers with forced 
circulation of oil or with water cooling 
coils 

(a) 1.5 to 2.5 A/mm 2 

(b) 3.5 to 4.5 A/mm 2 

(c) 4.0 to 5.0 A/mm 2 

(d) 5.4 to 6.2 A/mm 2 

23.76. The high voltage winding is usually 
which of the following type ? 

(а) Cylindrical winding with circular 
conductors 

(б) Cross-over winding with either cir¬ 
cular or small rectangular conduc¬ 
tors 

(c) Continuous disc type winding with 
rectangular conductors 

( d ) All of the above types 

23.77. Which of the following is the basic con¬ 
sideration in the design of insulation ? 

(a) Electrical considerations 

(b) Mechanical considerations 

(c) Thermal considerations 

(d) All of the above 

23.78. A practical formula for determining the 
thickness of insulation between low 
voltage and high voltage windings is 


(a) 1 + 0.2 kV mm (6) 2 + 0.5 kV mm 
(c) 4 + 0.7 kV mm (d) 5 + 0.9 kV mm ' 

23.79. The insulation between windings and 
grounded core and the insulation bet¬ 
ween the windings of the same phase is 
called 

(а) minor insulation 

(б) major insulation 

(c) either of the above 

(d) none of the above 

23.80. The cylindrical windings using circular 
conductors are used for current rating 
of 

(a) upto 20 A (6) upto 40 A 

(c) upto 60 A (d) upto 80 A 

23.81. The surge phenomenon is particularly 
important in case of 

(а) low voltage transformers 

(б) medium voltage transformers 

(c) high voltage transformers 

(d) any of the above 

23.82. Which of the following in an application 
of D.C. motors ? 

(a) Traction 

(b) Drives for process industry 

(c) Battery driven vehicles 

(d) Automatic control 

( e ) All of the above 

23.83. D.C. servomotors are used in 

(a) purely D.C. control systems 

(b) purely A.C. control systems 

(c) both D.C. and A.C. control systems 

(d) none of the above 

23.84. The stator of a D.C. machine comprises 
of 

(a) main poles (6) interpoles 
(c) frame (d) all of the above 

23.85. The laminations of the armature of a 

D.C. machine are usually.thick. 

(a) 0.1 to 0.2 mm (6) 0.2 to 0.3 mm 
(c) 0.3 to 0.4 mm (d) 0.4 to 0.5 mm 

23.86 .is usually used for brush rockers 

(a) Mild steel (b) Copper 
(c) Aluminium (d) Cast-iron 

23.87 .brushes are fragile and cause ex¬ 

cessive wear of commutator. 

(а) Natural graphite 

(б) Hard carbon 
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(c) Electro-graphitic 

( d ) Metal graphite 

23.88. Which of the following brushes can be 
used for high values of current density ? 

(а) Metal graphite brushes 

( б ) Hard carbon brushes 

(c) Electro-graphitic brushes 

( d) N atural graphite brushes 

23.89.is the common method of applying 

brushes to the commutator. 

(a) Radial (b) Trailing 

(c) Reaction ( d ) All of the above 

23.90. Which of the following problem arises 
in D.C. motors which are fed from 
thyristor bridge circuits ? 

(a) Increased I 2 R losses 

( b ) Increased core losses 

(c) Poor commutation 

(d) Change in motor parameters 

(e) All of the above 

23.91. The weight of copper of both armature 

and field windings decreases with. 

in number of poles. 

(a) increase (b) decrease 

(c) either of the above 

(d) none of the above 

23*92. In a D.C. machine the number of brush 

arms is.the number of poles. 

(a) less than (b) equal to 

(c) greater than 

(d) none of the above 

23.93. In a D.C. machine the current per brush 
arm should not be more than 

(a) 100 A ( 6 ) 200 A 

(c) 300 A (d) 400 A 

23.94. In a D.C. machine, the value of peri¬ 
pheral speed should not, normally , 
exceed 

(a) 10 m/s ( 6 ) 20 m/s 

(c) 30 m/s, (d) 40 m/s 

23.95. In D.C. machines the width of the duct 
is usually 

(a) 4 mm (b) 6 mm 

(c) 8 mm ( d ) 10 mm 

23.96. D,<U. machines designed with a large 
value of air gap length have 

(а) worst, ventilation 

( б ) poor ventilation 


23.97. 


23.98. 


23.99. 


23.100. 


23.101. 


23.102. 


23.103. 


(c) better ventilation 

(d) none of the above 

In D.C. machines, in order to prevent 
excessive distortion of field form by the 
armature reaction, the field mmf must 
be made 

(а) equal to that of armature mmf 

(б) less in comparison with the arma¬ 
ture mmf 

(c) large in comparison with the arma¬ 
ture mmf 

(d) none of the above 

In D.C. machines, the.in field mmf 

results in increase in size and cost of 
machines . 

(a) increase (6) decrease 

(c) either of the above 

(d) none of the above 

The operation of a D.C. machine with 
large air gap lengths is comparatively 

(а) quiet (6) noisy 

(c) either of the above 

(б) none of the above 

Which of the following methods may be 
adopted to reduce the effects of arma¬ 
ture reaction ? 

(а) Increase in length of air gap at pole 
tips 

(б) Increasing reluctance of pole tips 

(c) Compensating windings 

(d) Interpoles 

( e ) All of the above 

In D.C. machines the usual limit of slot 
pitch is 

(а) between 5 to 10 mm 

(б) between 10 to 15 mm 

(c) between 15 to 20 mm 

(d) between 25 to 35 mm 

In D.C. machines the number of slots 

per pole usually lies 

(a) between 2 to 4 (b) between 6 to 8 

(c) between 9 to 16 

(d) between 20 to 30 
D.C. windings are 

(a) sometimes 2-layer type 

(b) never 2-layer type 

(c) always 2-layer type 

(d) none of the above 
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23.104. The conductors for large sizes of D.C. 

machines are.in cross-section. 

(a) circular (6) triangular 

(c) rectangular (d) trapezoidal 

23.105. In a D.C. generator the number of com¬ 
mutator segments is 

(а) equal to the number of coils 

(б) less than the number of coils 

(c) greater than the number of coils 

(d) none of the above 

23.106. The diameter of commutator generally 
lies 

(а) between 0.2 to 0.4 of armature 
diameter 

(б) between 0.4 to 0.6 of armature 
diameter 

(c) between 0.6 to 0.8 of armature 
diameter 

( d ) none of the above 

23.107. The higher commutator peripheral 
speeds 

(а) generally lead to commutation dif¬ 
ficulties 

(б) always lead to commutation dif¬ 
ficulties 

(c) never lead to commutation difficul¬ 
ties 

(d) any of the above 

23.108. Pitch of commutator segment should 
not be less than 

(a) 1 mm ( b ) 2 mm 

(c) 3 mm (d) 4 mm 

23.109. The thickness of brush should be so 

selected that it covers.commutator 

segments. 

(a) 2 to 3 (6) 4 to 6 

(c) 6 to 8 (gO 8 to 10 

23.110. The area of each individual brush should 
be taken so that it does not carry 

(a) more than 20 A 
C b ) more than 40 A 

(c) more than 50 A 

(d) more than 70 A 

23.fll. On which of the following factors,does 
the brush friction loss depend ? 

(а) Brush pressure 

(б) Peripheral speed of the commutator 


23.17 

(c) Co-efficient of friction between brush 
and the commutator 

(d) All of the above 

23.112. Frames of electrical machines are used 
to serve which of the following purposes 

(а) To enclose the core and windings 

(б) To shield the live and moving 
machine parts from human contact 
and from injury caused by intruding 
objects or weather exposure 

(c) To transmit the torque to the machine 
supports 

{d) To serve as ventilating housing 

(e) All of the above 

23.113. The great majority of present day in¬ 
duction motors are manufactured with 

(a) squirrel cage rotors 

(b) wound rotors 

(c) both (a) and (b) ( d ) either (a) or (6) 

23.114. It is a common practice to use deep bar 

rotors when . starting torque is 

required. 

(a) low (b) high 

(c) either (a) or (6) 

(gO none of the above 

23.115. For induction motors requiring speed 
control or extremely high values of 
starting torque which of the following 
rotor construction is employed ? 

(а) Squirrel cage rotor construction 

(б) wound rotor construction 

(c) either of the above 

( d) none of the above 

23.116. The slip rings for wound rotor machines 
are made of 

(a) either brass or phosphor bronze 

(b) mild steel (c) cast iron 
(d) chromium steel 

23.117. The air gap of an induction motor is 

made as.as possible. 

(a) small (6) large 

(c) either of the above 
(of) none of the above 

23.118. For a normal design of an induction 
motor, the diameter should be so chosen 
that the peripheral speed does not ex¬ 
ceed about 

(a) 10 m/s (5) 20 m/s 

(c) 30 m/s (d) 50 m/s 
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23.119. In genei'al, the ratio of core length to 
pole pitch, in an induction motor, lies 

between . depending upon the size 

of the machine and the characteristics 
desired 

(a) 0.1 and 0.3 (b) 0.4 and 1.0 

(c) 0.6 and 2.0 (d) 0.7 and 3.0 

23.120. The flux density in the stator core of an 
induction motor should not exceed 
about 

(«) 0.6 Wm 2 (6) 0.9 Wb/m 2 

(<•) 1.1 Wb/m 2 (d) 1.5 Wb/m 2 

23.121. Due to which of the following, harmonic 
fields are produced ? 

(a) Windings (6) Slotting 

(c) Saturation 

(d) Irregularities in the air gap 

(e) All of the above 

23.122. Which of the following factors should be 
considered when estimating the length 
of air gap ? 

(а) Power factor 

(б) Over-load capacity 

(o) Pulsation loss (d) Cooling 
(e) Unbalanced magnetic pull and 
noise 

(/) All of the above 

23 . 123 . Which of the following, primarily, deter- 
mines the magnetizing current drawn 
by three phase induction motor ? 

(a) Length of air gap 

(b) Over-load capacity 

(e) Unbalanced magnetic pull 

(d) Cooling 

(a) Any of the above 

23.124. The harmonic fields are produced due 
to which of the following ? 

(a) Slotting (6) Windings 

(c) Irregularities in the air gap 

(d) Saturation 

(e) All of the above 

23.125. A 3-phase winding carrying sinusoidal 
currents produces harmonics of the 
order 

(a) n = 6 N ± 1 (6) n = 8 N ± 1 

(c) n = 6 N ± 4 (d) n = 8 N ± 4 

(e) none of the above 
where N is an integer 
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23.126. The number of stator slots should 
be equal to the number of rotor slots 
(a) always (6) never 

(c) sometimes 

(d) none of the above 


23.127. 


23.128. 


If the number of rotor slots is equal to 
the number of stator slots, the machine 
would refuse to start, this is known as 
(a) cogging (6) crawling 

(c) either of the above 
((/) none of the above 


1 


Which of the following methods is used 
for reduction/elimination of harmonic ^ 
torques ? 

(a) Cliording 

(b) Integral slot windings 

(e) Skewing 

((/) Increase in air gap length 
(e) All of the above 


23.129. Current density in the rotor bars of an 
induction motor may be taken between 

(а) 1.5 to 2.5 A/mm 2 

(б) 3 to 4 A/mm 2 

(c) 4 to 7 A/mm 2 

(d) 8 to 10 A/mm 2 

23.130. In an induction motor, closed slots are 
preferred for 

(а) small size machines 

(б) medium size machines 

(c) large size machines 

(d) none of the above 


23.131. A semi-enclosed slot gives 

(a) a better overload capacity 
(/;) low power factor 

(c) less noise 

(d) none of the above 


23.132. In case of phase wound induction motors 

the full load rotor m.m.f. is taken as. 

of stator m.m.f. 

(а) 40 percent (6) 60 percent 

(c) 85 percent (d) 95 percent 

23.133. The ratio of magnetising current to 
ideal short circuit current is called 

(tt) leakage co-efficient 

(б) dispersion co-efficient 

(c) either of the above 

(d) none of the above 
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23.134* 

23.135. 

23.136. 

23.137. 

23.138. 

23.139. 

23.140. 

23.141. 

23.142. 

23.143. 


A large value of short-circuit current 
indicates 

(а) a poor power factor 

(б) a good power factor 
(c) zero power factor 

(i d ) none of the above 
If the frequency is changed without alter¬ 
ing the number of poles the dispersion 
co-efficient 

(a) changes (6) does not change 

(c) becomes zero 

(d) none of the above 

The regulation of a transformer is least 
affected by changes in frequency at 

(a) unity power factor 

(b) lagging power factor 

(c) leading power factor 
(■ d ) all of the above 

Which loss occurs in the yoke of a D.C. 
machine ? 

(a) -Heat loss (6) Copper loss 

(c) Iron loss (d) No loss 

The transformer noise is mainly due to 

(а) magnetic flux 

(б) sinusoidal current 

(c) cooling coil {d) all of the above 

A wire of.will have least diameter. 

(a) 2 SWG (6) 10 SWG 

(c) 20 SWG id) 30 SWG 

In case of electrical machines, the inter¬ 
mittent rating as compared to its conti¬ 
nuous rating is 
(a) same (6) less 

(c) more (d) any of the above 

The cost of an induction motor as com¬ 
pared to that of a D.C. motor, of the 
same rating, is 
(a) same (6) less 

(c) more 

The yoke of a D.C. motor is generally 
made of 

(a) steel (6) aluminium 

(c) copper (d) tungsten 

Arc welding transformer is basically a 

(а) current transformer 

(б) step up transformer 

(c) step down transformer 

(d) frequency changing device 


23.144. 


23.145. 


23.146. 


23.147. 


23.148. 


23.149. 


23.150. 


23.151. 


The use of salient poles on high speed 
alternators will cause 

(а) reduced windage loss with low noise 

( б ) reduced windage loss but excessive 
noise 

(c) excessive windage less but reduced 
noise 

(d) excessive windage loss and exces¬ 
sive noise 

A synchronous machine with large 
length of air gap will have 

(а) lower limit of stability 

( б ) higher value of inherent regulation 

(c) higher noise level 

(d) smaller unbalanced magnetic pull 

Turbo-alternators have. 

(а) large diameters and great axial 
lengths 

( б ) large diameters and narrow axial 
lengths 

(c) short diameters and narrow axial 
lengths 

(d) short diameters and great axial 
lengths 

Which of the following limits the output 
of a rotating electrical machine ? 

(а) Temperature rise 

( б ) Size of the machine 

(c) Peripheral velocity 

(d) None of the above 

The slip rings of wound rotor machines 
are made of 

(a) mild steel ( 6 ) brass 

(c) electrolytic copper 

(d) cast iron 

.of $lots are generally used in induc- 

tiion motors. 

(a) Closed type ( b ) Semi-closed type 
(c) Open type (d) Any of the above 
Large values of air gap flux density can 
be adopted while designing induction 
motors of 

(a) large output 

(b) large diameter of rotor 

(c) both (a) and ( b ) above 

(d) none of the above 

In D.C. machines air gap is . as 

compared to that in A.C. machines 
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(a) short ( b ) very short 

(c) longer 

23.152* Short time rating machines have 
usually 

(a) longer operating times and longer 
shut down times 

( b ) longer operating times and shorter 
shut down times 

(c) low operating times and shorter 
shut down times 

(d) low operating times and longer shut 
down times 

23.153. Transformer oil should have 

(а) high flash point 

(б) high viscosity 

(c) high sludging tendencies 

(d) none of the above 

23.154. Tap changing facility is generally 
provided on 

(а) current transformers 

(б) distribution transformers 

(c) high voltage transformers 

( d ) none of the above 

23.155* The number of poles in D.C. machines 
is generally decided by 

(a) weight of copper 

( b ) weight of iron parts 

(c) frequency of flux reversals 

(d) all of the above 

B. Fill in the Blanks/Say Tes’ or ‘No*: 

23.161 .may be defined as a creative physi¬ 

cal realization of theoretical concepts. 

23.162 The efficiency of a machine should be 

as high as possible to reduce the operat¬ 
ing costs. (Yes/No) 

23*163* The most vulnerable part of a machine 
is its ...... 

23.164. The type of insulation is decided by the 

maximum operating.of the machine 

parts where it is put. 

23.165. The capital cost of a machine designed 

for high efficiency is.while its run¬ 
ning cost is. 

23.166. Power factor results in large values of 

current for the same power and, there¬ 
fore, larger conductor sizes have to be 
used. (Yes/No) 


23.156. The space factor depends on all of the 
following except 

(а) density of the conductor 

(б) arrangement of the conductor 

(c) size of the conductor 

(d) insulation thickness 

23.157. The shafts of electric motors is generally 
supported in 

(а) cast-iron bearings 

(б) bush bearings 

(c) magnetic bearings 
id) ball or roller bearings 
23LL58. A short time intermittent rating of 
electric motors is considered while 
selecting motors for 
(a) sirens (6) blowers 

(c) punching machines 

(d) reciprocating compressors 

23.159. The electric motor provided on refrige¬ 
rators is usually 

(а) totally enclosed type 

(б) screen protected type 

(c) open type 

(d) protected type 

23.160. Flame proof motors are used in 

(а) moisture and dust free atmosphere 

(б) moisture free atmosphere 

(c) dust free atmosphere 

(d) explosive atmosphere 


23.167. The type of construction to be adopted 

is least influenced by the operating 
speed of the machine. (Yes/No) 

23.168. The power outputs of larger size 

machines may be as high as hundreds 
of megawatt. (Yes/No) 

23.169. For induction motors, with power 

outputs upto 100 kW,.can be used 

as material for bars and squirrel 
cage. 

23.170. Die cast aluminium windings are ex¬ 

tensively used for rotors of induction 
motors. (Yes/No) 

23.171. When aluminium is used in large trans¬ 

formers it dec. ases the overall cost of 
the transformer. (Yes/No) 
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23.172. 

23.173. 

23.174. 

23.175. 

23.176. 

23.177. 

23.178. 


23.179. 

23.180. 

23.181. 


. type windings are often used for 

low voltage windings of small and 
medium rated transformers. 

Cast iron is used in the manufacture of 
resistance grids to be used in the starters 
of large motors. (Yes/No) 

All bronzes possess high mechanical 
strength as compared with copper, but 
have higher. 

The resistivity of beryllium copper is 3 
to 6 times that of copper. (Yes/No) 
Sheet steels possessing higher silicon 
content (4-5% silicon) are called Trans¬ 
former grade steels’. (Yes/No) 

In ordinary hot rolled sheets the con¬ 
stituent crystals are disposed in a. 

fashion. 

Cold rolled grain oriented steels, though 
costly give much reduced iron loss and 
much better magnetization curve than 
hot rolled steels. (Yes/No) 

Every electrical machine is a power 
converting device. (Yes/No) 

The temperature rise in a machine can 
be kept within safe limits by properly 

designing its.system. 

Varnish gives a stacking factor of about 


23.182. Porcelain or moulded insulators are 
mainly employed for insulating the ter¬ 
minals of low voltage machines. 

(Yes/No) 

23.183. The.ohm is defined as the thermal 

resistance which causes a drop of 1°C 
per watt of heat flow. 

23.184. In modern machines he at is removed by 
artificial circulation of cooling medium. 

(Yes/No) 

23.185. Newton Law of cooling is strictly correct 
for cases where the body is acted upon by 
a uniform current of air. (Yes/No) 


23.186. The value of thermal resistivity along 

the lamination is.as compared with 

that across the laminations. 

23.187. Machines with long cores require radial 

ventilation. (Yes/No) 


23.188. 

23.189. 

23.190. 

23.191. 

23.192. 

23.193. 


Induced self ventilation is most com¬ 
monly used in machines of small and 
medium power outputs. (Yes/No) 

The ventilation of the machine is said 

to be . if the fan sucks the air from 

the atmosphere and forces it into the 
machine, from where it is then pushed 
out to the atmosphere. 

Combined axial and radial ventilating 
system is usually employed for large 
motors and small turbo-alternators. 

(Yes/No) 

The generators using closed circuit 
ventilation should not be made fire 
proof. (Yes/No) 

Large water wheel generators use 
direct water cooled stator and rotor 
windings. (Yes/No) 

The resistivity, and hence effectiveness 
of water as a coolant depends upon its 


23.194. The power required to circulate a given 
coolant is a function of mass of coolant 
and the pressure head required. 

(Yes/No) 

23.195. The.time constant of conventional 

electrical machines is usually within 

the range of - to 3-4 hour. 

23.196. The cooling time constant is defined as 
the time taken by the machine for its 
temperature rise to fall to 0.368 of its 
.value. 

23.197. In . method the temperature is 

determined by thermometers applied 
to the accessible surfaces of completed 
machine. 


23.198. In . method the temperature of 

winding is determined by the increase 
in resistance of the winding. 

23.199. The embedded temperature detectors 

give the temperature of one internal 
point. (Yes/No) 

23.200. The leakage flux does not affect the 

performance of rotating machines and 
transformers. (Yes/No) 
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23.201. 

23.202. 

23.203. 

23.204. 

23.205. 

23.206. 

23.207. 

23.208. 

23.209. 

23.210. 

23.211. 

23.212. 

23.213. 

23.214. 

23.215. 

23.216. 

23.217. 

23.218. 

23.219. 


The.co-efficient is the ratio of total 

flux to useful flux. 

The hysteresis loss is due to a form of 
inter-molecular friction. (Yes/No) 

The loss per cycle is.to the area of 

hysteresis loop and depends upon the 

.of the material. 

It is impossible to calculate the iron 
losses in built-up cores. (Yes/No) 

.leakage flux is negligible for most 

of the machines. 

.leakage flux is only present when 

the slots are skewed. 

The leakage flux from salient poles can 
be determined accurately only by the 
method of flux plotting. (Yes/No) 

In a distributed magnetizing winding, 
the flux links with all turns. (Yes/No) 
Unbalanced magnetic pull is very large 

especially in.motors. 

The ...... size electromagnets are used 

for lifting heavy loads while . size 

electromagnets are used for holding of 
armatures of relays and valves. 

.electromagnets are usually known 

as solenoids. 

A dummy coil serves no electrical pur¬ 


pose. (Yes/No) 

The raising and lowering of a.c. supply 
voltages is accomplished by.trans¬ 

formers. 


The.type transformers are easier to 

dismantle for repair work. 

The most vulnerable part of a trans¬ 
former is the.of the windings. 

Tertiary windings are normally con¬ 
nected in delta. (Yes/No) 

Cold rolled grain oriented steel lamina¬ 
tions are used for cores of all modern 
power transformers. (Yes/No) 

Cylindrical windings are layered type 
and use either rectangular or round 
conductors. (Y es/No) 

Cylindrical windings employing rec¬ 
tangular conductors are used mainly as 
low voltage windings upte 6.6 kV for 
kVA ratings upto 600-750. (Yes/No) 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


23.220. 

23.221. 

23.222. 

23.223. 

23.224. 

23.225. 

23.226. 

23.227. 

23.228. 

23.229. 

23.230. 

23.231. 

23.232. 

23.233. 

23.234. 

23.235. 

23.236. 


A distinguishing feature of the conti¬ 
nuous disc windings is the .of the 

coils. 

The viscosity of transformer oil should 

be.to permit rapid circulation of oil. 

.means the slow formation of solid 

hydrocarbons due to heating and oxida¬ 
tion. 

The air entering the transformer is 
passed through an apparatus called 
.for the purposes of extracting mois¬ 
ture from it. 

The high voltage winding is placed on 
the inner side nearer to the core with 
low voltage winding on the outside. 

(Yes/No) 

Insulation between different parts of 

one winding is called.insulation. 

Partitions of solid insulating materials 

placed inside an oil duct are called. 

The layer type of winding is lightning 
proof. (Yes/No) 

Medium size machines having more 
than four poles have their armature 

laminations built upon on a. 

In D.C. machines two layer winding 

with.shaped coils is used. 

The modern D.C. machines use com¬ 
mutator segments made from silvered 
copper. (Yes/No) 

The specific magnetic loading is limited 

by the.in the magnetic circuit. 

The slip rings for wound rotor machines 
are located either between the core and 
the bearing or on the shaft extension. 

(Yes/No) 

The air gap of an induction motor is 

made as.as possible. 

An increased value of gap flux density, 

in an induction motor, results in . 

iron loss and.efficiency. 

A large value of ampere conductors 
means that a greater amount of copper 
is employed in the machine. (Yes/No) 
A small value of ampere conductors 

should be taken for . voltage 

machines. 
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23.237. A.value of ampere conductors would 

result in large number of turns per 
phase. 

23.238. The squirrel cage motors are usually 

started by.starters. 

23.239. Semi-enclosed slots are usually preferred 

for induction motors. (Yes/No) 

23.240. The overload capacity of an induction 

motor is defined as the ratio of the. 

output to.output. 

23.241. Roller bearings can take thrust loads. 

(Yes/No) 

23.242. The core of a transformer should be 

clamped.to reduce hum. 

23.243. In order to transmit torque, the motor 
shaft should have good shear strength. 

(Yes/No) 


23.244. Iron exhibits preferred directions of 

magnetization. (Yes/No) 

23.245. Ball and roller type bearings are also 

known as.bearing. 

23.246. Smaller is the number of slots, the more 
is the distortion in the field flux. 

(Yes/No) 

23.247. Hydrogen is used in large turbo-alter¬ 
nators primarily as a dielectric. 

(Yes/No) 

23.248. The density of hydrogen is half that of 

air. (Yes/No) 

23.249. Iron losses occur in the yoke of a D.C. 

machine. (Yes/No) 

23.250. Flame proof motors are used in coal 
mines. 


ANSWERS 

(Electrical Machine Design) 
A. Choose the Correct Answer - 


23.2. (e) 23.3. (a) 

23.7. (c) 


23.1. 

(cf) 

23.6. 

(6) 

23.11. 

((f) 

23.16. 

(cf) 

23.21. 

(cf) 

23.26. 

(c) 

23.31. 

(c) 

23.36. 

(cf) 

23.41. 

(e) 

23.46. 

(cf) 

23.51. 

Ce) 

23.56. 

(6) 

23.61. 

(b) 

23.66. 

(e) 

23.71. 

(b) 

23.76. 

(d) 

23.81. 

(c) 

23.86. 

(cf) 

23.91. 

(a) 

23.96. 

(c) 

23.101. 

(cf) 

23.106. 

(c) 


23.12. (<f) 
23.17. (cO 
23.22. (c) 
23.27. (e) 
23.32. ( b ) 
23.37. ((f) 
23.42. (c) 
23.47. (c) 
23.52. (b) 
23.57. (c) 
23.62. (c) 
23.67. (d) 
23.72. (c) 
23.77. ((f) 
23.82. (e) 
23.87. (a) 
23.92. (6) 
23.97. (c) 
23.102. (c) 
23.107. (a) 


23,8. 

(c) 

23.13. 

(cf) 

23.18. 

(cf) 

23.23. 

(6) 

23.28. 

(a). 

23.33. 

(a) 

23.38. 

(c) 

23.43. 

(a) 

23.48. 

(b) 

23.53. 

(a) 

23.58. 

(c) 

23.63. 

(6) 

23.68. 

(cf) 

23.73. 

(cf) 

23.78. 

(cf) 

23.83. 

(a) 

23.88. 

(a) 

23.93. 

(cf) 

23.98. 

(a) 

23.103. 

(c) 

23.108. 

(cf) 


23.4. (6) 
23.9. (a) 
23.14. (cf) 
23.19. (6) 
23.24. (e) 
23.29. (a) 
23.34. (d) 
23.39. (a) 
23.44. (d) 
23.49. (d) 
23.54. ( b) 
23.59. (c) 
23.64. (cf) 
23.69. (cf) 
23.74. (c) 
23.79. (6) 
23.84. (cf) 
23.89. (cf) 
23.94. (c) 
23.99. (a) 
23.104. (c) 
23.109. (a) 


23.5. (c) 
23.10. (6) 
23.15. (a) 
23.20. (6) 
23.25. (cf) 
23.30. (cf) 
23.35. (6) 
23.40. (a) 
23.45. (d) 
23.50. (a) 
23.55. (c) 
23.60. (a) 
23.65. (c) 
23.70. (d) 
23.75. (d) 

23.80. (cf) 

23.85. (d) 
23.90. (e) 
23.95. (cf) 
23.100. (e) 
23.105. (a) 
23.110. (cf) 
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23.111. (d) 

23.112. (e) 

23.113. (a) 

23.114. (6) 

23.115. (6) 

23.116. (a) 

23.117. (a) 

23.118. (c) 

23.119. (c) 

23.120. (d) 

23.121. (e) 

23.122. (/) 

23.123. (a) 

23.124. (e) 

23.125. (a) 

23.126. (b) 

23.127. (a) 

23.128. (e) 

23.129. (c) 

23.130. (a) 

23.131. (a) 

23.132. (c) 

23.133. (6) 

23.134. (6) 

23.135. (fe) 

23.136. (a) 

23.137. (d) 

23.138. (a) 

23.139. (d) 

23.140. (c) 

23.141. (6) 

23.142. (a) 

23.143. (c) 

23.144. (d) 

23.145. (d) 

23.146. (d) 

23.147. (a) 

23.148. (6) 

23.149. ( b ) 

23.150. (c) 

23.151. (c) 

23.152. (d) 

23.153. (a) 

23.154. (6) 

23.155. (d) 

23.156. (a) 

23.157. (d) 

23.158. (c) 

23.159. (a) 

23.160. (d) 

B. Fill in the Blanks/Say ‘Yes’ or ‘No*: 



23.161. Design 


23.162. Yes 


23.163. Insulation 

23.164. temperature 

23.165. high, low 


23.166. Yes 

23.167. No 


23.168. Yes 


23.169. aluminium 

23.170. Yes 


23.171. No 


23.172. Foil 

23.173. Yes 


23.174. resistivities 


23.175. Yes 

23.176. Yes 


23.177. random 


23.178. Yes 

23.179. Yes 


23.180. ventilating 


23.181. 0.95 

23.182. No 


23.183. thermal 


23.184. Yes 

23.185. Yes 


23.186. low 


23.187. Yes 

23.188. Yes 


23.189. forced 


23.190. Yes 

23.191. No 


23.192. Yes 


23.193. purity 

23.194. Yes 


23.195. heating 


23.196. initial 

23.197. thermometer 

23.198. resistance 


23.199. Yes 

23.200. No 


23.201. leakage 


23.202. Yes 

23.203. proportional, quality 

23.204. Yes 


23.205. Peripheral 

23.206. Skew 


23.207. Yes 


23.208. No 

23.209. induction 


23.210. large, small 


23.211. Tractive 

23.212. Yes 


23.213. power 


23.214. core 

23.215. insulation 


23.216. Yes 


23.217. Yes 

23.218. Yes 


23.219. Yes 


23.220. transposition 

23.221. small 


23.222. Sludging 


23.223. breather 

23.224. No 


23.225. minor 


23.226. barriers 

23.227. Yes 


23.228. spider 


23.229. diamond 

23.230. Yes 


23.231. saturation 


23.232. Yes 

23.233. small 


23.234. increased, decreased 

23.235. Yes 

23.236. high 


23.237. large 


23.238. star-delta 

23.239. Yes 


23.240. maximum, rated 

23.241. Yes 

23.242. tightly 


23.243. Yes 


23.244. Yes 

23.245. antifriction 


23.246. Yes 


23.247. No 

23.248. No 


23.249. No 


23.250. Yes 


□ □ 
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Instruments and Measurements 

24.1. INTRODUCTION AND CLASSIFICATION OF MEASURING INSTRUMENTS 

The instruments used for all electrical measurements are called measuring instruments. They 
include ammeters, voltmeters, wattmeters, energy meters etc. The various electrical instruments may 
broadly be divided into two groups: 

1. Absolute instruments .are those instruments which indicate the quantity to be 

measured in terms of the constants of the instrument (dimensions, turns etc.) and in order to find out 
the quantity in the practical units it is necessary to multiply such deflections with an instrument 
constant. No previous calibration or comparison is necessary in this case. The most common absolute 
instrument is tangent galvanometer which gives the measured current in terms of tangent of the 
deflected angle, the radius and the number of turns of the galvanometer. Such instruments are rarely 
used (the use being merely confined within laboratories as standardizing instruments). 

2. Secondary instruments .are those in which the value of electrical quantity to be 

measured can be determined from the deflection of instrument only when they have been pre¬ 
calibrated by comparison with an absolute instrument. The deflection of the instrument gives directly 
the quantity to be measured. These instruments are most generally used in everyday work. 

Secondary instruments may also be classified as follows : 

1. Indicating instruments .are those which indicate the instantaneous value of the 

electrical quantity being measured at the time at which it is being measured. Their indications are 
given by pointers moving over calibrated scales. 

Examples. Ammeters, voltmeters and wattmeters. 

2. Recording instruments. are those which give a continuous record of the variations of 

an electrical quantity over a selected period of time. The pointer in these types of instruments is an 
infed pen which leaves a trace on a paper put over a moving drum. 

3. Integrating instruments .are those which measure the total quantity of electricity 

delivered in a particular time. 

Examples. Ampere-horn* and watt-hour meters. 

Electrical measuring instruments may also be classified as follows : 

1. According to the quantity being measured. 

Ammeters .for measuring the magnitude of current. 

Voltmeters .for measuring voltages. 

Ohmmeters and resistance bridges .for measuring resistances. 

Wattmeters .for power measurements. 

Watt-hour meters. .for energy measurements. 

24.1 
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Frequency meters. .for frequency measurements. 

Power factor meters.for power-factor measurements. 

2. According to the kind of current. 

Instruments are classied into D.C., AC. and AC. / D.C. instruments. 

3. According to accuracy limits. 

4. According to the principle of operation. 

Instruments are grouped into : 

— Moving coil 
— Moving iron 
— Electrodynamic 
— Induction 
— Hot-wire 
— Thermo-electric 
— Rectifier types. 

5. According to the type of indication. 

Instruments may be : 

— Indicating type 
— Recording type 

6. According to application. 

— Switch board 

— Portable. 

24.2. ELECTRICAL PRINCIPLES OF OPERATION 

All electrical measuring instruments depend for their action on any of many physical effect 
of electric current or potential. The following are the effects generally used in the manufacture : 

(i) Magnetic effect.voltmeters, ammeters, wattmeters, power factor meters etc. 

(ii) Thermal effect.ammeters, voltmeters, maximum demand meters etc. 

(Hi) Chemical effect.D.C. ampere hour meters (integrating meters). 

(iv) Electrostatic effect.voltmeters which can indirectly be used as ammeters and 

wattmeters. 

(u) Electro-magnetic induction effect.voltmeters, ammeters, wattmeters and 

integrating meters used in A.C. only. 

24.3. ELECTRICAL INDICATING INSTRUMENTS 

Almost invariably an indicating instrument is fitted with a pointer which indicates on a scale 
the value of the quantity being measured. The moving system of such an instrument is usually carried 
by a spindle of hardened steel , having its ends tapered and highly polished to form pivots which rest 
in hollow-ground bearings, usually of saphine, set in steel screws. In some instruments, the moving 
system is attached to thin ribbons of spring material such as beryllium-copper alloy, held taut by 
tension springs mounted on the frame of movement. This arrangement eliminates pivot friction and 
the instrument is less susceptible to damage by shock or vibration . 

24.3.1. Essential Features 

Indicating instruments possess three essential features. 

1. Deflecting device.whereby a mechanical force is produced by the electric current, 

voltage or power. 
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2. Controlling device .whereby the value of deflection is dependent upon the magnitude 

of the quantity being measured. 

3. Damping device .to prevent oscillation of the moving system and enable the latter to 

r each its final position quickly. 

24.3.2. Deflecting Device 

A deflecting device produces a deflecting torque which is caused by any one of the previously 
mentioned effects ( i.e ., thermal effect, chemical effect, electrostatic effect etc.) with the help of this 
deflecting torque the needle or the pointer moves from zero position to the final position. The 
arrangement of the deflecting device with each type of instrument will be discussed individually. 

24.3.3. Controlling Devices 

There are two types of controlling devices : 

(0 Spring control (ii) Gravity control. 

24.3.4. Damping Devices 

Owing to the inertia of the moving system, when 
subjected to the deflecting and restoring torques, a number 
of vibrations will be produced before coming finally to rest. | 

To avoid this, a darning torque is required which opposes the c 
motion and ceases when the pointer comes to rest. The z 
degree of damping should be adjusted to a value which is " 
sufficient to enable the pointer to rise quickly to its deflected £ 
position without overshooting. In that case, the instrument 
is said to be dead-beat\ If the instrument is over-damped the 
movement is very slow (and the instrument becomes lithar- 
gic) as shown in Fig. 24.1. 

Damping can be provided by the following methods : 

1. Air damping, 

2. Eddy current damping. 

3. Fluid friction damping. 

The principle types of electrical indicating instruments, together with the methods of control 

and damping, are summarized below : 


S. No. 

Type of instrument 

Suitable for measuring 

Method of control 

Method of damping 

1 . 

Moving-iron 

Current and voltage, 

D.C. and A.C. 

Hair springs 

Air 

2. 

Permanent magnet 
moving coil 

Current and voltage, 

D.C. only 

Hair springs 

Eddy current 

3. 

Thermocouple 

Current and voltage, 

D.C. and A.C. 

As for moving coil 

As for moving coil 

4. 

Electrodynamic or 
dynamometer 

Current, voltage and 
power, D.C. and A.C. 

Hair springs 

Air 

5. 

Electrostatic 

Voltage only, D.C. and 
A.C. 

Hair springs 

Air or eddy current 

6. 

Rectifier 

Current and voltage, 

A.C. only 

As for moving coil 

As for moving coil 



Fig. 24.1. Damping curves. 
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24.4 ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

Note. Apart from the electrostatic type of voltmeter, all voltmeters are in effect milli ammeters connected 
in series with non-reactive resistor having a high resistance. 

Difference between an ammeter and a voltmeter 

An ammeter and a voltmeter work on the same principle. The ammeter has a low resistance 
so that when it is connected in series with any circuit, it does not change the current. The voltmeter 
has a high resistance and it is so designed that when connected in parallel to the circuit for measuring 
voltages it does not take appreciable current. 

An ammeter of low range can be used as a voltmeter by connecting and external resistance 
in series with it. 


AMMETERS AND VOLTMETERS 

24.4. MOVING-IRON INSTRUMENTS (AMMETERS AND VOLTMETERS) 

Moving-iron instruments are commonly used in laboratories and switch boards at commercial 
frequencies because they are very cheap and can he manufactured with required accuracy. 

Moving-iron instruments can be divided into two types : 

1. Attraction type.in which a sheet of soft iron is attracted towards a solenoid . 

2. Repulsion type in which two parallel rods or strips of soft iron, magnetised inside a 

solenoid, are regarded as repelling each other. 


24.5. MOVING-COIL INSTRUMENTS 

The moving-coil instruments are of the following two types : 

1. Permanent-magnet type .can be used for D.C. only. 

2. Dynamometer type .can be used both for AC. and D.C. 

24.5.1. Permanent-magnet Moving-Coil Type (PMMC) Instruments 

A permanent-magnet moving coil-type instrument works on the principle that “when a 
currentrcaJTying conductor is placed in a magnetic field , it is acted upon by a force which tends to 
move it to one side and out of the field”. 




M = Permanent magnet 
PP = Soft iron pole pieces 

* A » Soft iron cylinder 
(Central core) 

C = Rectangular coil 
8 = Spiral spring 
0 = Pointer 


Fig. 24.2. Permanent-magnet moving-coil instrument . 
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24.5 


24.5.2. Electrodynamic or Dynamometer Instruments 


In an electrodynamic instrument the operat¬ 
ing field is produced by another fixed coil and not by 
permanent magnet. This instrument can be used as 
an ammeter or as voltmeter but is generally used as 
a wattmeter. 

Refer Fig. 24.3 (a), ( b ). 

Deflecting torque (T<j) 

The deflecting torque is due to interaction of 
magnetic fields produced by currents in fixed and 
moving coils. 

T d * I\ x h 

or T d -KI\l 2 , 

where K is a constant. 

Since the instrument is spring controlled, 
the restoring or contral torque (T c ) is proportional 
to the angular deflection 0. 

T c a 0 

As T d -T r for final deflection 

0 a I\ I<i. 



FC « Field coils (divided into two halves) 

MC * Moving coils 
' S - Spindle 

A ■ Spiral hair springs 
(o) 

Fig. 24.3. Electrodynamic or dynamometer 
instrument. 


24.6. RECTIFIER INSTRUMENTS 

These are not separate types of instruments, but rather 
a means of using a D’Arsonval movement, in conjunction with a 
rectifier , to change A.C. to D.C. Thus, a direct current movement 
can be adopted for use with alternating current as shown in Fig.- 
24.4. Rectifier type meters, using copper oxide rectifiers, are 
useful at low frequencies and will give good indication upto about 
20 kHz. 

— Rectifier instruments can operate well into the R.F. 
(radio-frequency) range with the proper use of silicon 
or germanium rectifiers. 

— Measureements of current and voltage at several 
hundred megahertz are possible. 


D.C. Meter 



D lode or 
rectifier 


Fig. 24.4. A D.C. moving-coil meter 
can be used to measure A.C. voltage 
by putting a diode or rectifier in 
the meter circuit. 


Another advantage is that this type of meter is more sensitive than any other type of A.C. 
meter. 


24.7. WATTMETERS 

A wattmeter is a combination of an ammeter and a voltmeter and, therefore consists of two 
coils known as current coil and pressure coil. The operating torque is produced due to interation of 
fluxes on accounhof currents in current and pressure coils. 

There are following three types of wattmeters : 

1. Dynamometer wattmeter 

2. Induction wattmeter 

3. Electrostatic wattmeter. 


Downloaded From : www.EasyEngineering.net 























Downloaded From : www.EasyEngineering.net 


246 ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

24.7.1. Dynamometer Wattmeter 

Let v - supply voltage 
load current 

ffesistance of the moving 
coil circuit. 

Current through fixed coils, if = i. 

Current through the moving coif, 

. _ v_ 

lm ~ R 

Deflecting torque, Tg oc ifx i m a ^ 

— For a D.C. circuit the deflecting 
torque is thus proportional to the 
power . 

— For any circuit with fluctuating 
torque, the instantaneous torque 
is proportional instantaneous 
power. In this case due to inertia 
of moving parts the deflection will 
be proportional to the average 
torque, i.e., the deflection will be proportional to the average power . For sinusoidal 
alternating quantities the average power is VI cos <)>, where 

V = r.m.s. value of voltage 
I = r.m.s. value of current 
<j> = phase angle between V and I. 

Hence an electro dynamic instrument, when connected as shown in Fig. 24.5, indicates the 
power, irrespective of the fact it is connected in an AC. or D.C. circuit. 

— Scales of such wattmeters are more or less uniform because the deflection is proportional 
to the average power and for spring control, controlling torque is proportional to the 
deflection, hence 0 oc power. Damping is pneumatic. 

24.7.2. Induction Wattmeters 

Induction wattmeters can be used on A.C. circuit only (in contrast with dynamometer 
wattmeters which can be used both on D.C. and A.C. circuits) and are useful only when the frequency 
and supply voltage Eire constant. 

The operation of all induction instruments depends on the production of torque due to reaction, 
between a flux <jq (whose magnitude depends on the current or voltage to be measured) and eddy 
cuj'i'ents induced in a metal disc or drum by another flux 4>2 (whose magnitude also depends on the 
current or voltage to be measured). Since the magnitude of eddy currents also depends on the flux 
producing them, the instantaneous value of the deflecting torque is proportional to the square of the 
current or voltage under measurement and the value of mean deflecting torque is proportional to the 
mean square of the current or voltage. 

Fig. 24.6 shows an induction wattmeter. 
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Fig. 24.5. Connection of dynamometer for 
measuring power . 
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Fig. 24.6. Induction Wattmeter. 

24.8. INTEGRATING METERS (ENERGY METERS) 

Integrating or energy meters are used to measure the quantity of electric energy supplied to a 
circuit in a given time. They give no direct indication of power, i.e. y as to the rate at which energy is 
being supplied because their registrations are independent of the rate at which given quantity of 
electric energy is being consumed. 

The main difference between an energy meter and a wattmeter is that the former is fitted with 
some type of registi'ation mechanism whereby all the instantaneous readings of power are summed 
over a definite poriod of time wheras the latter indicates the value at a particular instant where it 
is read. 

Types of Energy Meters 

Energy meters are generally of the following three types : 

1. Electrotytic meters 

2. Motor meters 

(0 Mercury motor meters (ii) Commutator motor meters 

(Hi) Induction meters 

3. Clock meters. 

Induction type watt-hour meter 

This is the most commonly used meter on AC. circuits for measurement of energy. 
Advantages: 

(?) Simple in operation (ii) High torque/weight ratio 

(Hi) Cheap in cost 

(iv) Correct registration even at very low power factor 

(t;) Unaffected by temperature variations 

(vi) More accurate than commutator type energy meter on light loads (owing to absence of a 
commutator with its accompanying friction). 

Induction Type Single Phase Energy Meters 

These are, by far, the most common form of AC. meters met with in every-day domestic and 
industrial installations. These meters measure electric energy in kWh. 
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Mi * Series or current mognet 
M2 - Shunt or \*>ltoge mognet 
D = Disc 

C « Copper shading ponds 
CC = Current coil 
PC = Pressure coil 


Fig . 24.7. Induction type single phase energy meter. 

Working 

The shunt electromagnet produces a magnetic field which is of pulsating character ; it cuts 
through the rotation disc and induces eddy currents there in, but normally does not in itself produce 
any driving force . Similarly series electromagnet induces eddy currents in the rotating disc , but dies 
not in itself produce any driving force. In order to obtain driving force in this type of meter , phase 
displacement of 90° between the magnetic field set up by shunt electromagnet and applied voltage V 
is achieved, by adjustment of copper shading band C (also known as power factor compensator or 
compensating loop). The reaction between these magnetic fields and eddy currents set up a driving 
torque in the disc. 

Note. It is possible to measure power in a single phase A.C. circuit without using a wattmeter by using 
the following methods : 

1. Three ammeter method. It uses three ammeters and a known non-inductive resistance. 

2. Three voltmeter method. It uses three voltmeters and a known non-inductive resistance. 


MEASUREMENT OF THREE PHASE POWEF 


The three phase power may be measured by the following methods : 

1. Two wattmeter method. This is the most common method for measurement of power in 
three phase circuits and is applicable for star as well as delta loads both balanced and unbalanced . 

2. One wattmeter method. This method is applicable to balanced loads only. 

The reactive volt amperes (VAft) in a 3-phase balanced load can also be measured by one 
wattmeter method. 

3. Polyphase wattmeter. The energy in a 3-phase circuit is measured by a 3-phase induction 
energy meter. 

24.9. MEASUREMENT OF RESISTANCE 

The resistance may be measured by the following methods : 

1. Ammter voltmeter method. This method is mainly applicable to medium resistances and 
the accuracy is moderate (around 1%). 

2. Ohmmeter. This is an instrument used for directly indicating the value of the unknown 

resistance connected across its terminals. It provides a very quick but moderately accurate means 
of resistance measurement. / - 
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INSTRUMENTS AND MEASUREMENTS 24.9 

3. Meggar. This is an instrument for measuring very high resistances (such as insulation 
resistance of the cable). 

4. Wheatstone Bridge. This is the best and the commonest method of measuring medium 
resistances and measures resistance with a good degree of accuracy. 

5. Kelvin’s Double Bridge. This is one of the best method for measurement of low resistances. 

6. Loss of change method. This method is particularly suitable for measuring the insulation 
resistance of a cable because the cable itself may be used as a capacitor provide its capacitance is 
known. 

7. Murray loop test. This is one of the methods available for location of a ground or a short 
circuit fault on a cable. 

8. Varley loop test. This is another method for location of faults on cable and is a modification 
of the Murray loop test. 

MEGGAR 

Meggars (or megohmmeters) are instruments which measure the insulation resistance of 
electric circuits relative to earth and one another . 

A meggar consists of an e.m.f source and a voltmeter. The scale of the voltmeter is calibrated 
in ohms (kilo ohms or megohms, as the case may 
be). In measurements the e.m.f. of the self-con¬ 
tained source must be equal to that of the source 
used in calibration. 

Fig. 24.8 shows diagrammatically a meggar 
whose readings are independent of the speed of the 
self-contained generator. The moving system in¬ 
corporates two coils 1 (current coil) and 2 (pressure 
coil) mounted on the same shaft and placed in the 
field of a permanent magnet (not shown) 90° apart. 

The generator energizes the two coils over 
separate wires. Connected in series with one coil 
is a fixed resistance Ri (or several different resis¬ 
tances in order to extend the range of the instru¬ 
ment). The unknown resistance R x is connected in 
series with the other coil. The currents in the coils 
interact with the magnetic field, and produce oppos- Fig 2 4.8. Circuit diagram of a meggar. 

ing torques. 

The deflection of the moving system depends on the ratio of the currents in the coils and is 
independent of the applied voltage. The unknown resistance is read directly from the scale of the 
instrument. (The accuracy of measurement is unaffected by variations in the speed of the generator 
between 60 and 180 r.p.m.). 

24.10. POTENTIOMETERS 

24.10.1. D.C. Potentiometers 

Simple Potentiometer. For the accurate measurement of potential difference, current and 
resistance the potentiometer is one of the most useful instruments . 



1,2 * Coils Rj* Fixed resistance 

F = Pointer R^*? roc.ictnnr*o 
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Its principle of action is that an unknown e.m.f. 
or p.d. is measured by balancing it, wholly or in part , 
against a. known difference of potential . 

^2 h 

Ei li 

Crompton Potentiometer. The slide wire 
potentiometer is not a suitable arrangement for 
precision measurements. For accurate measurements 
the slide wire has to be very long which becomes very 
inconvenient. This potentiometer is very commonly 
used, in laboratories. 

24.10.2. A.C. Potentiometers 

Following are the two main types of A.C. Potentiometers : 

1. Those which measure the unknown voltage in polar form. 

Drysdale polar potentiometer belongs to this category. 

2. those which measure the rectangular coordinates ( i.e . in phase and quadrature components) 
of the unknown voltage. 

Gall Tinsley Potentiometer belongs to this category. 

Applications of A.C. Potentiometers : 

(i) Measurement of voltage 

( ii ) Measurement of current 

(Hi) Meter calibration 

(iv) Measurement of impedance 

(v) Miscellaneous measurements (viz. measurement of ratio and phase angle errors of 
instrument transformers, measurement of core loss and magnetising current for specimens of 
sheet-steel etc.) 

24.11. A.C. BRIDGES 

A.C. Bridges are used for measurement of inductance and capacitance. 

A. Measurement of Self Inductance 

1. Maxwell’s bridge 

3. Hay’s bridge 

5. Anderson’s bridge 

B. Measurement of Capacitance 

1. De Santy’s bridge 

3. Wein bridge 

C. Measurement of Mutual Inductance 

1. Heaviside bridge 

Errors in bridge measurements 

The various sources of errors in bridge measurements are : 

1. Errors due to strong magnetic and electrostatic fields 

2. Leakage error 3. Eddy current errors 

4. Frequency and wave form errors 5. Residual errors 


2. Maxwell-We in bridge 
4. Owen’s bridge 

2. RLC bridge 
4. Schermg bridge 

2. Heaviside Campbell equal ratio bridge 



Fig. 24.9. A simple potentiometer. 
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24.13. MISCELLANEOUS MEASUREMENTS 

Under this heading following measuring instruments are included : 

1. Single phase power factor meter 

2. Power factor meter for three phase balanced load 

3. Vibrating read frequency meter 

4. Weston frequency meter 

5. Weston synchronoscope. 

ELECTRONIC MEASUREMENTS 

24.14. CATHODE RAY OSCILLOSCOPE (C.R.O.) 

A cathode-ray oscilloscope is an instrument which presents signal wave-forms visually. It is 
also useful for comparing two signals in phase, frequency or amplitude. 

A C.R.O. can operate upto 50 MHz, can allow viewing of signals within a time span of a few 
nanoseconds and can provide a number of waveform displays simultaneously on the screen. It also 
has the ability to hold the displays for a short or long time (of many hours) so that original signal may 
be compared with one coming on later. 

A block diagram of cathode-ray oscilloscope is shown in Fig. 24.10. 



Cathode roy 
tube 


Fig. 24.10. Cathode-ray oscilloscope. 

Cathode Ray Tube (C.R.T.) 

A cathode ray tube is the ‘ heart 0 of an oscilloscope and is very similar to the picture tube in a 
television set. 


Fig. 24.11 shows the cross-sectional view of 
a general-purpose electrostatic C.R.T. 

It has the following four major components : 

1. An electron gun . it produces a 

stream of electrons. 

2. Focusing and accelerating anodes 

. they produce a narrow and sharply-focused 

beam of electrons. 

3. Horizontal and vertical deflecting 

plates .for the path of beam. 

4. An evacuated glass envelope with a 

phosphorescent screen . produces a bright 

spot when struck by a high velocity electron beam. 



Fig. 24.11. Cathode ray tube. 
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Working of a C.R.O. 

When a signal is to be displayed or viewed on the screen it is applied across the Y-plates of a 
cathode ray tube. But to see its waveform or pattern, it is essential to spread it out horizontally from 
left to right. This is achieved by;applying a sawtooth voltage wave toX-plates. Under these conditions, 
the electron beam would move uniformly from left to right thereby graphing vertical variations of 
the input signal versus time. Due to repetitive tracing of the viewed waveform, we get a continuous 
display because of persistence of vision. 

However, to get a stable stationary display on 
the screen, it is essential to synchronize the horizon¬ 
tal sweeping of the beam (sync) with the input signal 
across Y-plates. The signal will be properly synced 
only when its frequency equals the sweep-generator 
frequency. The usual method of synchronizing the 
input signal is to use a portion of the input signal to 
trigger the sweep generator so that the frequency of 
the sweep signal is locked or synchronised to the 
input signal. It is called internal sync because the 
synchronization is obtained by internal wiring con¬ 
nections as shown in Fig. 24.12. 

Applications of C.R.O. 

1. Tracing of an actual waveform of current or voltage. 

2. Determination of amplitude of a variable quantity. 

3. Comparison of phase and frequency. 

4. In televisions. 

5. In radar. 

6. For finding B.H. curves for hysteresis loop. 

7. For engine pressure analysis. 

8. For studying the heart beats, nervous reactions etc. 

9. For tracing transistor curves. 

24.15. ELECTRONIC VOLTMETERS 
24.15.1. Introduction 

R.A. Heising, in 1915, used a valve to measure the voltage. Most of the pioneer work in the 
United Kingdom was done by E.B. Moullin Oxford University. In facfy at one time, valve voltmeters 
were usually referred to as Moullin voltmeters. In U.S.A these meters are known as ‘VacuumTube 
Voltmeters* usually abbreviated at V.T.V.M.’. 

— ‘Valve voltmeters 9 essential consist of a thermionic valve which has a milliammeter 
connected in its anode circuit . The voltage which is to be measured is normally applied to 
its control grid circuit, which imposes very little load on the circuit, even at a high 
frequency. Although the basic arrangement of a valvemeter has a limited range, this can 
be extended by the use of a potential divider. 

— The valve voltmeter takes practically no power at all from the source under test ; this factor 
is an important one in the measurement of voltages in a radio circuit . An ordinary moving 
coil meter, no matter how sensitive it may be, always draws some power from the circuit 
under test. In circuits where a plenty of power is availab; this is not serious, but when 
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dealing with a circuit in which even a load of a few microamperes could seriously affect 
the accuracy of the reading , a valve voltmeter should, be used. 

24.15.2. Advantages-Applications of Valve Voltmeters 

1. An important advantage of the valve voltmeter is that it may be designed to cover practically 
any frequency ; commercially manufactured instruments are suitable for frequencies upto 50 MHz 
and above. 

2. The valve voltmeter will often be used on circuits where the voltage is not very high so that 
input impedance can only be compared with moving-coil meter which has been adjusted to approriate 
range. This means that it is usually inpossible to determine accurately a low voltage on the high 
voltage range of a moving-coil meter. On the other hand, the valve voltmeter maintains high 
impedance over all its ranges and is, in fact, the only type of instrument that can be used for low-voltage 
R . F. measurements. 

3. A thermionic valve is also used in the diode peak voltmeter. When an instrument of this 
type is connected to an A.C. source, rectification takes place in the diode each half-wave surge 
charging a capacitor in the output circuit to the peak value of the wave. Provided the voltmeter in 
the circuit is of sufficiently high resistance and is large enough to prevent a loss of charge through 
the meter when the rectifier is not passing current the reading on the meter will indicate the peak 
voltage, irrespective of the waveform. 

24.15.3. Types of Electronic Voltmeters 

Electronic voltmeters are made in the following two basic forms : 

1. A.C. amplifier types.in the A.C. amplifier configuration, the voltage to be measured 

is applied directly to the input terminals of a wide-band gain-stabilized amplifier, whose output is 
rectified and applied to a moving-coil meter. 

2. D.C. amplifier types.in the D.C. amplifier construction, the input voltage is applied 

directly to a diode detector, and the resulting D.C. is amplified and monitored. 

— It is generally accepted that the A.C . amplifier type is usually the more sensitive of the 
two, but the usuable range is restiicted by the amplifier band-width. 

— The D.C. amplifier form permits voltage measurement upto frequencies approaching the 
resonance of the diode unit. Sensivity, however, is restricted by the linearity of the diode 
and stability of the D.C. amplifier. The first of these limitations is reduced considerably 
by the use of semiconductor diodes, which maintain their low forward resistance down to 
very small voltage levels. High gain D.C. amplification is obtained by the use of an A.C. 
coupled amplifier in conjunction with a chopper and synchronous detector. 

24.15.4. Vacuum Tube Voltmeter (V.T.V.M.) 

A vacuum tube voltmeter is one of the most useful measuring divices to measure A. C. voltages 
over a wide frequency range. 

— It can work on high frequencies, without losing any efficiency, even if it is calibrated at 
such a low frequency as 50 Hz. 

— It consumes practically no power. 

It works on the principle that a.detector can be used as a. voltmeter. 

The voltage to be measured is first rectified and the rectified plate current is used to measure 
the applied voltage, by having a D.C. indicating instrument in the plate circuit of the tube. Usually 
an amplifier stage is also added , which in addition to increase sensitivity of the instrument, also 
increases the input impedance. Because of this increase in input impedance, the power drawn by the 
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instrument reduces nearly to nil. This makes the measurements more accurate and the instrument 
can be used over a wide voltage range with the same high sensitivity. 

Types of vacuum tube voltmeter : 

The different types of V.T.V.M. are given below 

1. D.C. vacuum tube voltmeter. 2 

3. Slid-back voltmeter. 4 

5. Grid-rectification meter. 6 

24.15.5. True R.M.S. Voltmeter 

Fig. 24.13 shows one type of commercial true r.m.s. instrument. 

In this instrument the input signal is amplified D.C. 

and fed into the directly-heated filament of high- 
vacuum diode valve, thus furnishing part of the fila¬ 
ment heating power. The filament must have a small 
thermal time constant if the instrument is to respond 
to rapid changes in signal level. After amplification 
of A.C. input signal a cathode follower is used to 
obtain an impedance match between the amplifier 
and the low-impedance filament. The signal current 
will tend to raise the filament temperature, which 
will cause the anode current to rise and the anode-to- 
cathode voltage to fall. This drop in voltage is 
amplified by the D.C. amplifier. The output of this 

amplifier supplies the component of current Ifo (feed 
i ! j. xi r*i x Fig. 24.13. True r.m.s. voltmeter. 

back current) to the filament. & 

The feedback circuit is adjusted so that the decrease in Rf equals the signal power, I 6 2 Rf, 
in the filament, where I s is the r.m.s. signal current. 

The meter reads the output voltage of the amplifier , which is proportional to the feedback 
current Ig,. It can be shown that the feedback current Ig, is proprotional to the square of the r.m.s. 
signal current. The meter reading is, therefore , proportional to the r.m.s. signal current. 

The meter will have a linear power scale. 

24.15.6. Peak-reading Electronic Voltmeter 

In Fig. 24.14 is shown the basic circuit of a peak¬ 
reading electronic voltmeter. The diode is placed in a 
probe for high-frequency response and low-level signals. 

The diode permits the A.C. signal to charge C to the peak 
value of the signal voltage. The network R\C\ is a simple 
filter which removes all ripple voltage from the D.C. that 
is delivered to the D.C. amplifier in the instrument. ^ig. 24.14. Peak-reading electronic voltmeter. 

TRANSDUCERS 

24.16. INSTRUMENTATION—GENERAL ASPECTS 
24.16.1. Definition 

The technology of using instruments to measure and c: * ol the physical and chemical 
properties of materials is called “instrumentation”. 




Probe 


1 


To D.C. 
ele ctronic; 
voltmeter 



. Diode rectifier-amplifier meter. 

. Plate circuit rectification meter. 
. Amplifier type meter. 
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— When the instruments are used for the measurement and control of industrial manufac¬ 
turing, conversion, or treatment processes, the term process instrumentation is 
applied. 

— When the measuring and controlling instruments are combined so that measurements 
provide impulses for remote automatic action, the result is called a control system. 


24.16.2. Modes of Measurement 


Following are the three modes of measurement: 

1. Primary measurements In this case the sought value of a parameter is determined 
by comparing it directly with reference standards. There is no conversion of measurand in terms of 
lenght. 

Examples, (i) Measurement of time by counting the number of strokes of a clock. 

(; ii ) Matching of two lengths when determining the length of an object with a ruler. 

(Hi) Matching of two colours when judging the temperature of a red hot steel. 

2. Secondary measurements .The indirect measurements involing one translation are 

called secondary measurements. 

Examples, (i) The pressure measurement by manometers. 

(ii) The temperature measurement by mercury-in-glass thermometers. 

3. Tertiary measurements .The indirect measurements involving two conversions are 

called tertiary measurements. 

Example. The measurement of the speed of a rotating shaft by means of an electric 
tachometer. 

The unit of a measuring system where translation of measurand takes place is called 
the transducer (or translator). 

Measurements may also be classified as : 

1. Contact type. In this case the sensor of the measuring device contacts the controlled 

medium. 

2. Non-contact type .Here the sensor does not contact the controlled medium. Non-contact 

measurements include optical, radioactive and others. 

24.16.3. Measurement System and its Elements 

Fig. 24.15 shows a measurement system (generalised) with different components (called 
elements). 

The various elements are : 


1. Primary sensing element .It is 

an element that is sensitive to the measured 
variable. The sensing elements sense the condi¬ 
tion, state or value of the process variable by 
extracting a small part of energy from the 
measurand, and then produce an output which 
reflects this condition, state or value of the 
measurand. 

2. Variable conversion or transducer 

element.This element converts the signal 

from one physical form into another without 
changing the information content of the signal. 



Fig. 24.15. Generalised measurement system. 
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3. Manipulation element . This element operates on the signal according to some 

mathematical rule without changing the physical nature of the variable. 

4. Data transmission element.This element transmits the signal from one location to 

another without changing its information content. 

5. Data presentation element.This element provides a display, record or indication of 

the output from the manipulation element. 


24.17. DEFINITION OF TRANSDUCER 


A broad definition of a transducer is as follows : 


“A transducer is a device which converts the energy from one form to another” 

Most of the transducers either convert electrical energy into mechanical displacement and/or 
convert some non-electrical physical quantity (e,g., force, sound, temperature etc.) to an electrical 
signal. 

Excitation 


A transducer performs the following functions in 
an electronic instrumentation system : 

1. Detects or senses the presence, magnitude and 
changes in physical quantity being measured. 

2. Provides a proportional electrical output signal 
(see Fig. 24.16). 


1 



PhysicQ L 
quantity 


Electricol 
output 


Fig. 24.16 


24.18. CLASSIFICATION OF TRANSDUCERS 

A. Transducers are broadly classified into two groups as follows : 

1. Active transducers They are also known as self'generating type transducers. These 

transducers develop their own voltage or current. The energy required for production of an output 
signal is obtained from the physical phenomenon being measured. 

Examples. Thermocouple and- thermopiles, piezoelectric pickup, photo voltaic cell. 

2. Passive transducers . They are known as externally- powered transducers. These 

transducers derive the power required- for energy conversion from an external power souce. However, 
they may absorb some energy from the physical phenomenon under study. 

Examples. Resistance thermometers and- thermistors, potentiometeric devices , differential 
transformer, photoemission cell etc. 

B. Classification based on the type of output 

1. Analogue transducers.These transducers convert the input physical phenomenon 

into an analogous output which is a continuous function of time. 

Examples. Strain gauge, a thermocouple, a thermistor or an LVDT (linear voltage differential 
transformer). 

2. Digital transducers.These transducers convert the input physical phenomenon into 

an electrical output which may be in form of pulses. 

C. Classification based on electrical principle involved : 

1. Variable-resistance type 

(i) Strain and pressure gauges 

(ti) Thermistors, resistance thermometers 
(Hi) Photo conductive cell etc. 
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2. Variable-inductance type 

(i) Linear variable differential transformer (LVDT) 

(ii) Reluctance pick-up 

3. Variable-capacitance type 
(i) Capacitor microphone 

(iii) Dielectric gauge 

4. Voltage-generating type 
(i) Thermocouple 

(iii) Rotational motion tachometer 

5. Voltage-divider type 
(i) Potentiometer position censor 

Measurements versus Transduction Methods 

Type of transducer 

—Resistive 
—Inductive 
—Capacitive 
—Piezoelectric 
—Magnetoelectric 
—Radioactive 
—Electron tube 
—Inductive 
—Capacitive 
—Piezoelectric 
—Photoelectric 
—Radioactive 
—Resistive 
—Inductive 
—Capacitive 
—Piezoelectric 
—Photoelectric 
—Magneto electric 
—Radioactive 
—^Electron tube 
—Resistive 
—Inductive 
—Capacitive 
—Piezoelectric 
—Magneto elec trie 
—Magnetostrictive 
—Electron tube 


S.No. Quantity to be measured 

1. Displacement 


2. Thickness 


3. Velocity 


4. Acceleration 


(iii) Eddy current gauge 
(ii) Pressure gauge 

(ii) Photovoltaic cell 

(iv) Piezoelectric pick-up 

(ii) Pressure-actuated voltage divider 


24.17 
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5. Mass 


6. Force 


7. Pressure 


8. Flow 


9. Level 


10. Temperature 


—Inductive 
—Piezoelectric 
—Magnetoelectric 
—Radioactive 
—Resistive 
—Inductive 
—Piezoelectric 
—Radioactive 
—Resistive 
—Inductive 
—Capacitive 
—Piezoelectric 
—Thermoelectric 
—Magnetoelectric 
—Magneto strictive 
—Radioactive 
—Electron tube 
—Resistive 
—Inductive 
—Capacitive 
—Piezoelectric 
—Magnetoelectric 
—Radioactive 
—Resistive 
—Capacitive 
—Piezoelectric 
—Photoelectric 
—Radioactive 
—Resistive 
—Photoelectric 


24.19. TRANSDUCER ACTUATING MECHANISMS 

Transducers are also known as gauges, pickups and signal generators . Most of the pickups 
have following two basic Elements : 

(i) Activating device 
{ii) Transducing element. 

Fig. 24.17 shows ‘some typical actuating mechanisms. 
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COjto (-V-M 

Capsule 5 Corrugated diaphragms 




Pivot 



Flat 




Pressure 


| Pressure 

Circular bourdon tube Corrugated bourdon tube 


Mass-j Cantilever 
Frame 



l 


■ Pressure 


Pivot- torque 


Mass Cantilever 


Straight tube 


Fig. 24.1 7 . Transducer actuating mechanisms. 

DESCRIPTION OF SOME TRANSDUCERS 
24.20. RESISTANCE TRANSDUCERS 

In a resistance transducer an indication of measured physical quantity is given by a change 
in the resistance. It may be classified as follows : 

1. Mechanically varied resistance — Potentiometer 

2. Thermal resistance change — Resistance thermometers 

3. Resistivity change — Resistance strain gauge 

24.20.1. Linear and Angular Motion Potentiometers 

Such potentiometers convert the linear motion or the angular motion of a rotating shaft into 
changes in resistance. The device is a variable resistor whose resistance is varied by the movement 
of a slider over a resistance element. 

— Translatory devices have strokes from 2.5 mm to 5 mm. 


— Rotational devices have a full scale rang¬ 
ing from 10° to 60° full turns. 

The potentiometers shown in Figs. 24,18 and 
24.19 form a part of the bridge circuit whose output 
voltage is changed by the slider position. 

— The slider is powered by the mechanical 


Motion 


Slider 

Zero 
point 

E— Vo—* 


m 

fj 


Resistance 

element 



Fig. 24.19. Rotary mo¬ 
tion potentiometer. 


part on which the linear displacement or Fig. 24.18. Linear mo- 
angular motion measurements are to tion potentiometer. 
made. 

Due to arm movement, the slider moves over the resistance element and thus shorts out 
a portion of the resistance. The change in resistance in the potentiometer is then an 
indication of the amount of motion and the direction of movement is indicated by whether 
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the resistance is increasing or decreasing . The unbalanced voltages is measured directly 
or fed into an amplifier and recorded. 

The potentiometers are used in many transducers designed to measure : 

(i) Pressure (ii) Force 

{Hi) Acceleration (iv) Liquid level. 

24.20.2. Thermistors and Resistance Thermometers 

These transducers are thermally sensitive variable resistors made of certain conducting and 
ceramic-like semi-conducting materials. They are used 
as temperature detecting elements and sense tempera¬ 
ture for the purpose of measurement and control. 

Thermistors are essentially semi-conductors 
which behave as resistors with a high negative 
temperature co-efficient of resistance. The high sensi¬ 
tivity to temperature changes make the thermistors 
extremely useful for precision temperature (— 60°C to 
+ 15°C) measurements, control and compensation. 

Their resistance ranges from 0.5 Q to 0.75 MQ. 

Thermistors are composed of sintered mixture 
of metallic oxides such as manganese, nickel, cobalt, 
copper, iron and uranium. 

Fig. 24.20 shows the commercial forms of ther¬ 
mistors. 

24.21. VARIABLE INDUCTANCE TRANSDUCERS 

These are based on a change in the magnetic characteristic of an electrical circuit in response 
to a measurand which may be displacement, velocity, acceleration etc. 

Variable inductive transducers may be classified as follows : 

1. Self-generating type. In this type voltage is generated because of the relative motion 
between a conductor and a magnetic field . 

These may be further classified as follows : 

(i i ) Electromagnetic type ( ii ) Electrodynamic type 

(Hi) Eddy current type. 

2. Passive type. In this type the motion of an object results in change in the inductance of the 
coils of the transducer. 

These may be further classified as follows : 

(i) Variable reluctance (ii) Mutual inductance 

{Hi) Differential transfer type. 

24.21.1. Self-generating Type 

24.21.1.1. Electromagnetic type 

Fig. 24.21 shows an electromagnetic type of self-generating variable inductance transducer. 

— It consists of a permanent magnet core on which a coil is directly wound. 


■ Glass coated 
bead 


r Leads 


-Lead 


(d) Rod 



{b) Disc 

.Glass 


L eads 





(c) Probe 


Fig. 24.20. Commercial forms of thermistors. 
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— When a plate of iron or other ferromagnetic material is moved with respect to the magnet, 
the flux field expands or collapses and a voltage is induced in the coil. 

— This device is used for indication of angular speed. The measurements of speed can be 
made with great accuracy when the pickup is placed near the teeth of a rotating gear. 


i 


Motion 


Q e rromognet ic | 



Fig. 24.21. Self-generat¬ 
ing variable inductance 
transducer — Electro¬ 
magnetic type. 



Permonent magnet 
Electro dynamic (l tnea r) 

(a) 



Etectrodynam ic (rotational) 


(t>) 


Fig. 24.22 . Self-generating variable inductance 
transducer—Electrodynamic type. 


24.21.1.2. Electrodynamic type 

This type of transducer (linear and rotational) is shown in Fig. 24.22. 

— In this type coil moves within the field of the magnet. The turns of the coil are perpen¬ 
dicular to the intersecting lines of force. 

— When the coil moves it induces a voltage which at any moment is proportional to the 
velocity of the coil. 

The principle of these transducers is used in the magnetic flow meters. 

24.21.1.3. Eddy Current type 

Fig. 24.23 shows an eddy current type self-generating variable inductance transducer. 



Fig. 24.23. Self-generating variable in¬ 
ductance transducer—Eddy current type. 

24.21.2. Passive Type 


Meter 


| 




^Coil 


— © — 


i 


Exciter 


1 




4 

-A 


-Armature 


Movement 


Fig. 24.24. Variable reluctance transducer. 


24.21.2.1. Variable reluctance transducer 

In these transducers (comprising of a magnetic field and core with a gap between the core and 
the fixed coils) a change in the reluctance of the magnetic circuit by a mechanical input results in a 
similar change both in the inductance and inductive reactance of the coils. The change in inductance 
is then measured by suitable circuitry and related to the value of the mechanical input. 
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The magnetic circuit reactance may be changed by affecting a change : 

(i) in the air gap or 

(ii) in the amount/type of core material. 

— Transducers which make use of air gap change are referred as reluctance type. 

— Transducers which utilize a variable core are referred as permeance type. 

A variable reluctance transducer is shown in Fig. 24.24. Here the inductance of a single coil 
is changed through the variable air gap. The change in inductance may be calibrated in terms of 
movement of the armature. 

This principle of variable reluctance is used for the measurement of dynamic quantities such 


as : 

(i) Pressure (ii) Force 

(Hi) Displacement ( iv ) Acceleration 

(v) Angular position etc. 

Fig. 24.25 shows a variable permeance transducer in which 
the inductance of coil is changed by varying the core material. 

— The transducer consists of a coil of many turns of wire 
wound on a tube of insulating material with a moveable 
core of magnetic material. 

— When the coil is energized and the core enters the 
solenoid cell, the inductance of the coil increases in 
proportion to the amount of metal within the coil. 

It is primarily used for the measurement of: 

(i) Displacement (ii) Strain 

(Hi) Force. 




Core 

movement 


Tub* of 

insulating material 


Exciter 


Core of. 

magnetic material 


Fig. 24.25. Variable permeance 
transducer (self inductance 
arrangement). 


24.21.2.2. Mutual inductance transducer 

A two-coil mutual inductance transducer is 
illustrated in Fig. 24.26. It consists of an energising 
coil X and a pickup coil Y. A change in the position of 
the armature by a mechanical input changes the air 
gap. This causes a change in the output from coil Y, 
which may be used as a measure of the displacement 
of the armature, i.e. y the mechanical input. 


Toll Stage 
circuit 




Armature 


Air gap 


Exciter 

x- Energising coil 
y « Pick up coil 


^Motion 

Fig. 24.26. Mutual inductance transducer. 


24.21.2.3. Linear-variable differential 
transformer (LVDT) 

LVDT is a passive inductive transducer and 
is commonly employed to measure force (or weight, 
pressure and acceleration etc. which depend on 
force) in terms of the amount and direction of dis¬ 
placement of an object. 

Construction. Refer Fig. 24.27 (a). 

— It consists of one primary winding (P) 
and two secondary windings (S j and S 2 ) 
which are placed on either side of the 



(a) (b) 

Fig. 24.27. Linear-varial)le-differentia! 


transformer (IjVDT). 
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primary mounted on the same magnetic core. The magnetic core is free to move axially 
inside the coil assembly and the motion being measured is mechanically coupled to it. 

— The two secondaries S x and £>2 have equal number of turns but are connected in series 
opposition so that e.m.fs. (E\ and Ey) induced in them are 180° out of phase with each 
other and, hence, cancel each other out, [See Fig. 24.27 (6)]. 

— The primary is energised from a suitable AC. source. 

Working 

— When the core is in the centre (called reference position) the induced voltages E\ and E% 
are equal and opposite. Hence they cancel out and the output voltage Vq is zero. 

— When the external applied force moves the core towards coil $2 is increased but E\ is 

decreased in magnitude though they are still antiphase with each other. The net voltage 
available is ( E 2 — E{) and is in phase with E% . 

Similarly, when the magnetic core moves towards coil Sj, E\ > E 2 and V 0 = E\ — E 2 and is in 
phase with E\. 

Thus, from above discussion, we find that the magnitude of Vo is a function of the distance 
moved by the core and its polarity or phase indicates as to in which direction it has moved. 

If core is attached to a moving object, the magnitude ofV§ gives the position of that object. 


24.22. CAPACITIVE TRANSDUCERS 


A capacitive transducer operates on the principle of variation in capacitance produced by the 
physical quantity being measured. 

For a parallel plate capacitor , we have 


„ (N-l)aAK 
d 

where C = capacitance 

N = number of capacitor plates 

a = proportionality constant (= 0.0885 when the dimensions are expressed in cm). 
A - effective area of the plates 


...(24.1) 


/joying plate 


fixed metal block 

tr Movin9 tube 

E |—- | Displacement 

i | ■"—Capacitance increases 

Output —-Copocitance decreases 

(a) 




Displacement 


r = 

6 Output (l 


-— Capacitance increases 
Capacitance decreases 


(b) 



Fig. 24.28. Capacitive transducers working on the principle of 
change of capacitance with change of area 
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K = dielectric constant (for air, K - 1) 
d = distance between the plates. 

Any physical quantity which can cause a change in K, A or d can be measured by the 
capacitance gauge. 

The displacement is measured by measuring 
the change in capacitance brought about by : 

(i) Change in area, or 

( ii ) Change in distance between the plates. 

The change in capacitance on account of 
change in dielectric is used to measure change in 
liquid and gas levels . 


'late 



s 


Displacement 

—Capocitonce increases 
—^-Capacrtcnce decreases 


Fig. 24.29. Capative transducer. 


24.23. PIEZO-ELECTRIC TRANSDUCERS 


Piezoelectric materials. A piezo-electric material is one in which an electric potential 
appears across certain surfaces of a crystal if the dimensions of the crystals are changed by thi 
application of a mechanical force. This potential is produced by the displacement of external charges 
The effect is reversible, i.e., conversely, if a varying potential is applied to the proper axis of th* 
crystal, it will change the dimensions of the crystal thereby deforming it. This effect is known at 
piezo-electric effect. Elements exhibiting piezo-electric qualities are sometimes known as electro- 
resistive elements. Common piezo-electric materials are: Ammonium dihydrogen phosphate, Rochelle 
salts, lithium sulphate, dipotassium tartrate, potassium dihydrogen phosphate, quartz, and ceramics 
A and B. 

There are two main groups of piezo-electric crystals : 

1. Natural crystals .such as quartz and tourmaline. 

2. Synthetic crystals .such as Rochelle salt, lithium sulphate, dipotassium tartrate etc. 


Working 

A typical mode of operation of a piezo-electric 
device employed for measuring varying force applied 
to a simple plate is shown in Fig. 24.30. The magni¬ 
tude and polarity of the induced charge on the 
crystal surface is proportional to the magnitude and 
direction of the applied force. The charge at the 
electrode gives rise to voltage ( E ), given by, 


Force 


Electrodes 



L 


Crystal 


Output 

voltage 


E 


f-ttF 


where g = voltage sensitivity in Vm/N 

F = force in N (newton) 

A = area of the crystal in m 2 

pressure I = ^ | in N/m 2 . 


...(24.6) 


K 

8 = T’ 


Fig. 24.30. Piezo-electric transducer. 


K = piezo-electric constant 
t = thickness of the crystal 
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24.24. STRAIN GAUGES 


24.24.1. Semi-conductor Strain Gauges 

— Semi-conductor strain gauges depend for their action upon piezo-resistive effect , i.e. y the 
change in value of the resistance due to change in resistivity . 

— These gauges are used where a very high gauge factor and small envelope are required. 

— For semi-conductor strain gauges semi-conducting materials such as silicon and ger¬ 
manium are used. 

— A typical strain gauge consists of a strain sensitive crystal material and leads that are 
sandwiched in a protective matrix. The production of these gauges employs conventional 
semi-conductor technology using semi-conducting wafers or filaments which have a 
thickness of 0.05 mm and bonding them on suitable insulating substances, such as teflon. 
Gold leads are generally applied for making the contacts. 

Fig. 24.31 shows some typical semi-conductor strain gauges. 


Base 



Base 



Terminals 


insulating film 


Electrodes 


I—Semiconductor 

Fig. 24.31 . Semi-conductor strain gauges. 

24.24.2. Capacitive Strain Gauges 

Fig. 24.32 shows a capacitive strain gauge. It uses the principle of variation of capacitance 
with variation of distance between electrodes. The electrodes are flexible metal strips of about 0.1 mm 
thickness. The strain to be measured is applied to the 
top plate. This changes the distance between the 
curved electrodes resulting in change of capacitance. 

The strain-capacitance relationship, in general, 
is not linear but variations in dimensions and shape 
allow gauge characteristics to be chosen so as to 
match the range of capacitance to be measured with 
a good degree of accuracy. 



Test piece 

Fig. 24.32. Capacitive strain gauge. 


A A capacitance strain gauge has, a capacitance of about 0.5 pF. 

★ Its overall size is 5 mm x 17 mm x 1 mm. 

★ It uses a polyamide film of insulating material. 

-A It can be used upto a temperature of 300°C. 


OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer : 

24.1. The use of.. instruments is merely 

confined within laboratories as stand¬ 
ardizing instruments. 

(a) absolute (b) indicating 


(c) recording {d.) integrating 

(e) none of the above 

24.2. Which of the following instruments in¬ 
dicate the instantaneous value of the 
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electrical quantity being measured at 
the time at which it is being measured ? 

(a) Absolute instruments 

(b) Indicating instruments 

(c) Recording instruments 

(d) Integrating instruments 

24.3. instruments are those which 

measure the total quantity of electricity 
delivered in a particular time. 

(a) Absolute (6) Indicating 

{c) Recording (d) Integrating 

24.4. Which of the following are integrating 
instruments ? 

(a) Ammeters (b) Voltmeters 

(c) Wattmeters 

(d) Ampere-hour and watt'hour meters 

24.5. Resistances can be measured with the 
help of 

(a) wattmeters (b) voltmeters 

(c) ammeters 

(d) ohmmeters and resistance bridges 

(e) all of the above 

24.6 According to application, instruments 
are classified as 
(a) switch board (6) portable 

(c) both (a) and (6) (d) moving coil 

( e ) moving iron (f) both (d) and ( e ) 

24.7. Which of the following essential features 
is possessed by an indicating instru¬ 
ment ? 

(а) Deflecting device 

(б) Controlling device 

(c) Damping device 

( d ) All of the above 

24.8. A.device prevents the oscillation of 

the moving system and enables the lafc 
ter to reach its final position quickly 
(a) deflecting ( b ) controlling 

(c) damping (d) any of the above 

24.9. The spring material used in a spring 
control device should have the follow¬ 
ing property. 

(а) Should be non-magnetic 

(б) Most be of low temperature co-effi¬ 
cient 

(c) Should have low specific resistance 

(d) Should not be subjected to fatigue 

(e) All of the above 


ELECTRICAL ENGINEERING (OBJECTIVE TYPEJ 

24.10. Which of the following properties a 
damping oil must possess ? 

(а) Must be a good insulator 

(б) Should be non-evaporating 

(c) Should not have corrosive action 
upon the metal of the vane 

(d) The viscosity of the oil should not 
change with the temperature 

(e) All of the above 

24.11. A moving-coil permanent-magnet instru¬ 
ment can be used as.by using a low 

resistance shunt. 

(a) ammeter (£>) voltmeter 

(c) flux-meter 

(d) ballistic galvanometer 

24.12. A moving-coil permanent-magnet instru¬ 
ment can be used as flux-meter 

(а) by using a low resistance shunt 

(б) by using a high series resistance 

(c) by eliminating the control springs 

(d) by making control springs of large 
moment of inertia 

24.13. Which of the following devices may be 
used for extending the range of instru¬ 
ments ? 

(a) Shunts (6) Multipliers 

(c) Current transformers 

(d) Potential transformers 

(e) All of the above 

24.14. An induction meter can handle current 
upto 

(a) 10 A (6) 30 A 

(c) 60 A (d) 100 A 

24.15. For handling greater currents induc¬ 

tion wattmeters are used in coiyunc¬ 
tion with 

(а) potential transformers 

(б) current transformers 

(c) power transformers 

(d) either of the above 

(e) none of the above 

24.7' Induction type single phase energy 
meters measure electric energy in 
(a) kW (6) Wh 

(c) kWh (d) VAR 

(e) None of the above 

24.17. Most common form of A.C. meters met 
with in every day domestic and industrial 
installations are 
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(а) mercury motor meters 

(б) commutator motor meters 

(c) induction type single phase energy 
meters 

(d) all of the above 

24.18. Which of the following meters are not 
used on D.C. circuits ? 

(а) Mercury motor meters 

(б) Commutator motor meters 

(c) Induction meters 

( d ) None of the above 

24.19. Which of the following is an essential 
part of a motor meter ? 

(a) An operating torque system 

(b) A braking device 

(c) Revolution registering device 

(d) All of the above 

24.20. A potentiometer may be used for 

(а) measurement of resistance 

(б) measurement of current 

(c) calibration of ammeter 

(d) calibration of voltmeter 

( e ) all of the above 

24.21.is an instrument which measures 

the insulation resistance of an electric 
circuit relative to earth and one another. 

(а) Tangent galvanometer 

(б) Meggar 

(c) Current transformer 

(d) None of the above 

24.22. The household energy meter is 

(a) an indicating instrument 

( b) a recording instrument 

(c) an integrating instrument 

(d) none of The above 

24.23. The pointer of an indicating instru¬ 
ment should be 

(a) very light (6) very heavy 
(c) either (a) or (6) 

(cf) neither (a) nor (6) 

24.24. The chemical effect of current is used 
in 

(а) D.C. ammeter hour meter 

(б) D.C. ammeter 

(c) D.C. energy meter 

(d) none of the above 

24.25. In majority of instruments damping is 
provided by 


(a) fluid friction (6) spring 

(c) eddy currents (d) all of the above 

24.26. An ammeter is a 

(a) secondary instrument 

(b) absolute instrument 

(c) recording instrument 

(d) integrating instrument 

24.27. In a portable instrument, the control¬ 
ling torque is provided by 

(a) spring ( b ) gravity 

(c) eddy currents (d) all of the above 

24.28. The disc of an instrument using eddy 
current damping should be of 

(а) conducting and magnetic material 

(б) non-conducting and magnetic mate¬ 
rial 

(c) conducting and non-magnetic mate¬ 
rial 

(d) none of the above 

24.29. The switch board instruments 

(а) should be mounted in vertical posi¬ 
tion 

(б) should be mounted in horizontal 
position 

(c) either (a) or (b) 

(d) neither (a) nor (6) 

24.30. The function of shunt in an ammeter is 
to 

(а) by pass the current 

(б) increase the sensitivity of the am¬ 
meter 

(c) increase the resistance of ammeter 

(d) none of the above 

24.31. The multiplier and the meter coil in a 
voltmeter are in 

(a) series (6) parallel 

(c) series-parallel 

(d) none of the above 

24.32. A moving iron instrument can be used 
for 

(a) D.C. only (6) A.C. only 
(c) both D.C. and A.C. 

24.33. The scale of a rectifier instrument is 

(a) linear (6) non-linear 

(c) either (a) or (6) 

(d) neither (a) nor (6) 

24.34. For measuring current at high frequency 
we should use 
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(а) moving iron instrument 

(б) electrostatic instrument 
(c) thermocouple instrument 
(rf) none of the above 

24.35. The resistance in the circuit of the 
moving coil of a dynamometer watt¬ 
meter should be 

(a) almost zero ( b ) low 

(c) high 

( d ) none of the above 

24.36. A dynamometer wattmeter can be used 
for 

(а) both D.C. and A.C. 

(б) D.C. only (c) A.C. only 
(d) any of the above 

24.37. An induction wattmeter can be used for 

(a) both D.C. and A.C. 

( b ) D.C. only 

(c) A.C. only 

(d) any of the above 

24.38. The pressure coil of a wattmeter should 
be connected on the supply side of the 
current coil when 

(a) load impedance is high 

(b) load impedance is low 

(c) supply voltage is low 

(d) none of the above 

24.39. In a low power factor wattmeter the 
pressure coil is connected 

(а) to the supply side of the current coil 

(б) to the load side of the current coil 

(c) in any of the two meters at connec¬ 
tion 

(d) none of the above 

24.40. In a low power factor wattmeter the 
compensating coil is connected 

(а) in series with current coil 

(б) in parallel with current coil 

(c) in series with pressure coil 

(d) in parallel with pressure coil 

24.41. In a 3-phase power measurement by 
two wattmeter method, both the watt¬ 
meters had identical readings. The 
power factor of the load was 

(a) unity ( b ) 0\S lagging 

(c) 0.8 leading (d) zero 

24.42. In a 3-phase power measurement by 
two wattmeter method the re ad mg of 


one of the wattmeter was zero. The 
power factor of the load must be 

(a) unity (6) 0.5 

(c) 0.3 ' {d) zero 

24.43. The adjustment of position of shading 
bands, in an energy meter is done to 
provide 

(a) friction compensation 
(c) creep compensation 

(c) braking torque 

(d) none of the above 

24.44. An ohmmeter is a 

(а) moving iron instrument 

(б) moving coil instrument 
(c) dynamometer instrument 
id) none of the above 

24.45. When a capacitor was connected to the 
terminal of ohmmeter, the pointer indi¬ 
cated a low resistant initially and then 
slowly came to infinity position. This 
shows that capacitor is 
(a) short-circuited (6) all right 
(c) faulty 

24.46. For measuring a very high resistance 
we should use 

(a) Kelvin’s double bridge 

( b ) Wheat stone bridge 

( c ) Meggar 

(d) None of the above 

24.47. The electrical power to a meggar is 
provided by 

(a) battery 

( b) permanent magnet D.C. generator 

(c) A.C. generator 

(d) any of the above 

24.48. In a meggar controlling torque is 
provided by 

(a) spring (b) gravity 

(c) coil (d) eddy current 

24.49. The operating voltage of a meggar is 
about 

(a) 6 V ( b ) 12 V 

(c) 40 V (d) 100 V 

24.50. Murray loop test can be used for loca¬ 
tion of 

(а) ground fault on a cable 

(б) short circui f ault on a cable 
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(c) both the ground fault and the short- 
circuit fault 

(d) none of the above 

24.51. Which of the following devices should 
be used for accurate measurement of 
low D.C. voltage ? 

(а) Small range moving coil voltmeter 

(б) D.C. potentiometer 

(c) Small range thermocouple voltmeter 

(d) None of the above 

24.52. It is required to measure the true open 
circuit e.m.f. of a battery. The best 
device is 

(а) D.C. voltmeter 

(б) Ammeter and a known resistance 

(c) D.C. potentiometer 

(d) None of the above 

24.53. A voltage of about 200 V can be 
measured 

(а) directly by a D.C. potentiometer 

(б) a D.C. potentiometer in conjunction 
with a volt ratio box 

(c) a D.C. potentiometer in conjunction 
with a known resistance 

(d) none of the above 

24.54. A direct current can be measured by 

(а) a D.C. potentiometer directly 

(б) a D.C. potentiometer in conjunction 
with a standard resistance 

(c) a D.C. potentiometer in conjunction 
with a volt ratio box 

(d) none of the above 

24.55. To measure a resistance with the help 
of a potentiometer it is 

(a) necessary to standardise the poten¬ 
tiometer 

(b) not necessary to standardise the 
potentiometer 

vc) necessary to use a volt ratio box in 
conjunction with the potentiometer 
(d) none of the above 

24.56. A phase shifting transformer is used in 
conjunction with 

(а) D.C. potentiometer 

(б) Drysdale potentiometer 

(c) A.C. co-ordinate potentiometer 

(d) Crompton potentiometer 


24.57. B asically a potentiometer is a device for 

(а) comparing two voltages 

(б) measuring a current 

(c) comparing two currents 

(d) measuring a voltage 

( e ) none of the above 

24.58. In order to achieve high accuracy, the 
slide wire of a potentiometer should be 

(a) as long as possible 

( b ) as short as possible 

(c) neither too small not too large 

(d) very thick 

24.59. To measure an A.C. voltage by using an 
A.C. potentiometer, it is desirable that 
the supply for the potentiometer in 
taken 

(а) from a source which is not the same 
as the unknown voltage 

(б) from a battery 

(c) from the same source as the un¬ 
known voltage 

( d ) any of the above 

24.60. The stator of phase shifting transformer 
for use in conjunction with an A.C. 
potentiometer usually has a 

(а) single-phase winding 

(б) two-phase winding 

(c) three-phase winding 

(d) any of the above 

24.61. In an A.C. co-ordinate potentiometer, 
the currents in the phase and quadra¬ 
ture potentiometer are adjusted to be 

(а) out of phase by 90° 

(б) out of phase by 60° 

(c) out of phase by 30° 

(d) out of phase by 0° 

( e ) out of phase by 180° 

24.62. A universal RLC bridge uses 

(а) Maxwell bridge configuration for 
measurement of inductance and De 
Santy’s bridge for measurement of 
capacitance 

(б) Maxwell Wein bridge for measure¬ 
ment of inductance and modified De 
Santy’s bridge for measurement of 
capacitance 
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(c) Maxwell We in bridge for measure¬ 
ment of inductance and Wein bridge 
for measurement of capacitance 
{d) Any of the above 

24.63. For measurements on high voltage 
capacitors, the suitable bridge is 

(a) Wein bridge 

( b ) Modified De Santy’s bridge 

(c) Schering bridge 

(d) Any of the above 

( e ) None of the above 

24.64. In an Anderson bridge, the unknown 
inductance is measured in terms of 

(а) known inductance and resistance 

(б) known capacitance and resistance 

(c) known resistance 

(d) known inductance 

24.65. Wagner earthing device is used to 
eliminate errors due to 

(a) electrostatic coupling 

(b) electromagnetic coupling 

(c) both (a) and (6) 

(d) none of the above 

24.66. For measurement of mutual induc¬ 
tance we can use 

(a) Anderson bridge 

(b) Maxwell’s bridge 

(c) Heaviside bridge 

(d) Any of the above 

24.67. For measurement of inductance having 
high value, we should use 

(а) Maxwell’s bridge 

(б) Maxwell Wein bridge 

(c) Hay’s bridge (d) Any of the above 

24.68. If the current in a capacitor leads the 
voltage by 80°, the loss angle of the 
capacitor is 

(a) 10° (6) 80° 

(c) 120° (d) 170° 

24.69. In a Schering bridge the potential of the 
detector above earth potential is 

(a) a few volts only (b) 1 kV 

(c) 5 kV (d) 10 kV 

24.70. To avoid the effect of stray magnetic 
field in A.C. bridges we can use 

(a) magnetic screening 
(fe) Wagner earthing device 

(c) wave filters 

(d) any of the above 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

24.71. If an inductance is connected in one < 
arm of bridge and resistances in the 
remaining three arms 

(a) the bridge can always be balanced 

(b) the bridge cannot be balanced 

(c) the bridge can be balanced if the 
resistances have some specific values 

24.72. A power factor meter has 

(а) one current circuit and two pres¬ 
sure circuits 

(б) one current circuit and one pressure 
circuit 

(c) two current circuits and one pres¬ 
sure circuit 

(d) none of the above 

24.73. The two pressure coils of a single phase 
power factor meter have 

(а) the same dimensions and the same 
number of turns 

(б) the same dimension but different 
number of turns 

(c) the same number of turns but 
different dimensions 

(d) none of the above 

24.74. In a single phase power factor meter 
the phase difference between the cur¬ 
rents in t}ie two pressure coils is 

(a) exactly 0° (6) approximately 0° 

(c) exactly 90° 

(d) approximately 90° 

24.75. In a dynamometer 3-phase power fac¬ 
tor meter, the planes of the two moving 
coils are at 

. (a) 0° (b) 60° 

(c) 90° (d) 120° 

24.76. In a vibrating reed frequency meter the 
natural frequencies of two adjacent 
reeds have a difference of 

(a) 0.1 Hz (b) 0.25 Hz 

(c) 0.5 Hz {d) 1.5 Hz 

24.77. In a Weston frequency meter, the mag¬ 
netic axes of the two fixed coils are 

(a) parallel (6) perpendicular 

(c) inclined at 60° (d) inclined at 120° 

24.78. A Weston frequency meter is 

(а) moving coil instrument 

(б) moving iron instrument 

(c) dynamomet instrument 

(d) none of the above 
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24*79. A Weston synchronoscope is a 

(а) moving coil instrument 

(б) moving iron instrument 

(c) dynamometer instrument 

( d ) none of the above 

24.80. In a Weston synchronoscope, the fixed 

1 coils areKswmected across 

(а) bus-bars 

(б) incoming alternator 

(c) a lamp (d) none of the above 

24.81. In Weston synchronoscope the moving 
coil is connected across 

(a) bus-bars 

( b ) incoming alternator 

(c) fixed coils 

(d) any of the above 

24.82. The power factor of a single phase load 
can be calculated if the instruments 
available are 

(a) one voltmeter and one ammeter 

(b) one voltmeter, one ammeter and 
one wattmeter 

(c) one voltmeter, one ammeter and 
one energy meter 

(d) any of the above 

24.83. The desirable static characteristics of a 
measuring system are 

(a) accuracy and reproducibility 

(b) accuracy, sensitivity and reproduci¬ 
bility 

(c) drift and dead zone 

(d) static error 

24.84. The ratio of maximum displacement 
deviation to full scale deviation of the 
instrument is called 

(а) static sensitivity 

(б) dynamic deviation 

(c) linearity 

(d) precision or accuracy 

24.85. Systematic errors are 

(а) instrumental errors 

(б) environmental errors 

(c) observational errors 

(d) all of the above 

24.86. Standard resistor is made from 

(a) platinum (b) maganin 

(c) silver (d) nichrome 

24.87. Commonly used standard capacitor is 
(a) spherical type 


24.3 i 

(6) concentric cylindrical type 

(c) electrostatic type 

(d) multilayer parallel plate type 

24.88. Operating torques in analogue instru¬ 
ments are 

(a) deflecting and control 

(b) deflecting and damping 

(c) deflecting, control and damping 

(d) vibration and balancing 

24.89. Commonly used instruments in power 
system measurement are 

(a) induction 

(b) moving coil or iron 

(c) rectifier (d) electrostatic 

24.90. Damping of the Ballistic galvanometer 
is made small to 

(а) get first deflection large 

(б) make the system oscillatory 

(c) make the system critically damped 

(d) get minimum overshoot 

24.91. If an instrument has cramped scale for 
larger values, then it follows 

(a) square law (6) logarithmic law 

(c) uniform law (d) none of the above 

24.92. Volt box is a component to 

(a) extend voltage range 

(b) measure voltage 

( c ) compare voltage in a box 

(d) none of the above 

24.93. E.m.f. of a Weston cell is accurately 
measured by 

(а) electrostatic voltmeter 

(б) hot wire voltmeter 

(c) isothermal voltmeter 

(d) electrodynamic voltmeter 

24.94. The gravity controlled instrument has 
crowded scale because current is propor¬ 
tional to 

(a) balancing weight 

(b) deflection angle 

(c) sine of deflection angle 

24.95. A sensitive galvanometer produces 
large deflection for a 

(а) small value of current 

(б) large value of current 

(c) large value of power 

(d) large value of voltage 

(e) none of the above 
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24.96. A multirange instrument has 

(а) multiple shunt or series resistances 
inside the meter 

(б) multicoil arrangement 

(c) variable turns of coil 

(d) multi range meters inside the meas¬ 
urement system 

(e) any of the above 

24.97. The rectifier instrument is not free 
from 

(а) temperature error 

(б) wave shape error 

(c) frequency error 

(d) all of the above 

24.98. Alternating current is measured by 
(a) induction ammeter 

C b ) permanent magnet type ammeter 

(c) electrostatic ammeter 

(d) moving iron repulsion type volt¬ 
meter 

24.99. Most sensitive galvanometer is 

(а) elastic galvanometer 

(б) vibration galvanometer 

(c) Duddlfe galvanometer 

(d) spot ballistic galvanometer 

24.100. Instrument transformers are 

(а) potential transformers 

(б) current transformers 

(c) both (a) and (6) 

(d) power transformers 

24.101. An instrument transformer is used to 
extend the range of 

(а) induction instrument 

(б) electrostatic instrument 

(c) moving coil instrument 

(d) any of the above 

24.102. Wattmeter cannot be designed on the 
principle 1 of 

(а) electrostatic instrument 

(б) thermocouple instrument 

(c) moving iron instrument 

(d) electro dynamic instrument 

24.103. In an energymeter braking torque is 
produced to 

(а) safe guard it against creep 

(б) brake the instrument 

(c) bring energy meter to stand still 


24.104. 


24.105. 


24.106. 


24.107. 


24.108. 


24.109. 


24.110. 


(d) maintain steady speed and equal to 
driving torque 

Various adjustments in an energy 
meter include 

(а) light load or friction 

(б) lag and creep 

(c) overload and voltage compensation 

(d) temperature compensation 

(e) all of the above 

The power of a n-phase circuit can be 
measured by using a minimum of 

(a) (n - 1) wattmeter elements 

(b) n wattmeter elements 

(c) ( n + 1) wattmeter elements 

(d) 2 n wattmeter elements 

Two holes in the disc of energymeter 
are drilled at the opposite sides of the 
spindle to 

(а) improve its ventilation 

(б) eliminate creeping at no load 

(c) increase its deflecting torque 

(d) increase its braking torque 
Which of the following is measured by 
using a vector voltmeter ? 

(a) Amplifier gain and phase shift 

( b) Filler transfer functions 

(c) Complex insersion loss 

(d) All of the above 

The principle on which vector voltmeter 
is based is 

(a) that it works on the principle of 
complex variation 

( b ) that it measures the response of 
linear ramp voltage 

(c) same as digital meter 

(d) that it measures the amplitude of a 
single at two points and at the same 
time measures their phase dif¬ 
ference 

To measure radio frequency, the suitable 
frequency meter is 

(а) Weston frequency meter 

(б) reed vibrator frequency meter 

(c) hetrodyne frequency meter 

(d) electrical resonance frequency 
meter 

Potentiometer is a 

(a) calibrating instrument 


Downloaded From : www.EasyEngineering.net 


Downloaded From : www.EasyEngineering.net 


INSTRUMENTS AND MEASUREMENTS 

( b ) comparison instrument 

(c) indicating instrument 

( d ) integrating instrument 
24.111. High voltage tests are 

(o^ high frequency tests 
'ib) constant direct current tests 

(c) sustained low frequency tests 

( d ) surge tests 

(e) all of the above 

Ring specimens can be tested for its 
magnetic properties by 

(а) A.C. potentiometer 

(б) Campbell’s bridge 

(c) Oscillographic method 

( d ) Maxwell’s bridge 

(e) Any of the above 
Which of the following instruments can 
be made using magnetic effect ? 

(a) Wattmeters ( b ) Energy meters 

(c) Voltmeters ( d ) All of the above 

In instruments the term 'artificial aging’ 
is associated with 

(а) permanent magnets 

(б) damping 
(c) springs 

C d ) controlling torque 
Which of the following instruments can¬ 
not be used for the measurement of A. C. 
as well as D.C. quantities ? 

(а) Electrostatic instruments 

(б) Induction type instruments 

(c) Moving iron instruments 

(d) Hot wire instruments 

.instrument is free from hysteresis 

and eddy current errors. 

(a) Electrostatic (6) Moving iron 
(c) Moving coil-permanent magnet type 
{d) Moving coil dynamometer type 

The readings of a dynamometer type 
wattmeter can be highly erratic at 

(а) low frequencies 

(б) fluctuating loads 

(c) low power factors 

(d) high voltages 

A multimeter can be used for measur¬ 
ing 

(a) D.C. quantities only 


24.33 

(b) A.C. quantities only 

(c) D.C. as well as A.C. quantities 

24.119. A dynamometer type wattmeter has 

(а) square law scale 

(б) non-linear scale 
(e) logarithmic scale 

(d) uniform scale 

24.120. Which of the following cannot be 
measured by multimeters ? 

(a) Frequency (6) Current 

(c) Voltage ( d ) Resistance 

24.121.instrument will draw least current 

from the circuit in which it is incor¬ 
porated. 

(a) Hot wire ( b ) Rectifier 

(c) Electrostatic (d) Thermocouple 

24.122. Energy meter installed at the residence 
of electric power consumers is 

(а) recording type instrument 

(б) indicating type instrument 

(c) indicating as well as recording type 
instrument 

(d) none of the above 

24.123. Which of the following methods is used 
to shield a dynamometer type watt¬ 
meter against stray fields ? 

(а) Meter components are made of non¬ 
magnetic materials 

(б) Meter is housed in a soft iron case 

(c) Neutral wire connection is provided 

(d) Meter is earthed 

24.124 . type instrument has identical 

calibration for A.C. as well as D.C. 
values ? 

(a) Hot wire (6) Moving coil 

fc) Induction (d) Moving iron 

24.125 .type instrument can have full scale 

deflection of 300 degrees. 

(d) Induction (6) Rectifier 

(c) Hot wire 

( d) None of the above 

24.126. A potentiometer works on 

(a) heating effect (6) magnetic effect 

(c) electromagnetic induction 
(gO none of the above 

24.127. Which of the following can be measured 
by the use of a Schering bridge ? 

(a) Dielectric loss and power factor 


24.112. 


24.113. 


24.114. 


24.115. 


24.116. 


24.117. 


24.118. 
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24.128. 


24.129. 


24.130. 


24.131. 


24.132. 


24.133. 


24.134. 


24.135. 


( b ) Frequency and capacitance 

(c) Variable resistances 

(d) All of the above 

A wattmeter will be free from the 
effects of power factor and frequency 
variations in case 

(а) voltage coil resistance is zero 

(б) damping is not provided 

(c) pressure coil inductance is zero 

(d) a capacitance is connected in paral¬ 
lel to pressure coil 

.will always indicate true r.m.s. 

value in respective of the wave form ? 

(а) Digital voltmeter 

(б) Thermocouple meter 

(c) Moving iron meter 

(d) None of the above 

.method is suitable for the measure¬ 
ment of a resistance of expected value 
less than one ohm. 

(a) Substitution (6) Loss of charge 

(c) Wheatstone bridge 

(d) Kelvin’s double bridge 

.bridge is preferred for the measure¬ 
ment of inductance having high Q-fac- 
tor. 

(a) Owen (6) Hay 

(c) Maxwell (d) Desauty 

A Q-meter measures 

(a) losses in a capacitor 

(b) frequency 

(c) accurate values of electrical quan¬ 
tities 

(d) properties of the coils 

In the measurement of power by two 
wattmeter method, when the readings 
of the two wattmeters are equal and 
opposite, it can be concluded that power 
factor is 

(a) zero (6) unity 

(c) lagging (d) leading 

The meter constant of single phase 
energy meter is expressed in terms of 
(a) revolutions/kWh(6) kW/kWh 
(c) amps/kW (d) Volts/kWh 

Moving coil and moving iron type in¬ 
struments can be distinguished by 
looking at 


24.136. 


24.137. 


24.138. 


24.139. 


24.140. 


24.141. 


24.142. 


24.143. 


(a) scale ( b ) their range 

(c) pointer (d) size of terminals 

In order to get best results, indicating 
instruments are 

(a) overdamped (6) underdamped 

(c) critically damped 

(d) damped slightly less than the criti¬ 
cal value 

The dissipation factor of a capacitor can 
be measured with 

(a) Schering bridge (6) Galvanometer 
(c) Potentiometer (d) Campbell bridge 
In hot wire instruments the sensing 
wire is made of 
(a) copper-nickel (fc) silver 
(c) copper (d) platinum-iridium 

By which of the following methods an 
ammeter can be converted to a volt¬ 
meter ? 

(a) By installing the instrument in 
parallel with the circuit 

( b ) By changing the scale 

(c) By putting a large resistance is series 
with the actual measuring part of 
the instrument 

(d) By putting a large resistance in 
parallel with the actual measuring 
part of the instrument 

.give the value of the quantity to be 

measured in terms of the constants of 
the instruments and their direction 
only. 

(а) Secondary instruments 

(б) Recording instruments 

(c) Absolute instruments 

(d) Integrating instruments 

The advantage of moving coil per¬ 
manent magnet type instrument is 

(а) no hysteresis loss 

(б) low power consumption 

(c) efficient eddy current damping 

(d) all of the above 

A portable instrument is likely to have 
....... damping. 

(a) eddy current (6) gravitational 

(c) pneumatic (d) fluid friction 

A moving iron type ammeter has few 
turns of thick wJre so that 
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(а) sensitivity is high 

(б) clamping is effective 

(c) scale is large 

(d) resistance is less 

24.144. When the damping of an instrument is 
adjusted to enable the pointer to rise 
quickly to its deflected position without 
overshooting, in that case the instru¬ 
ment is said to be 

(a) under-damped ( b ) over-damped 
(c) dead beat (d) off beat 

24.145. Hot wire instruments read 

(a) average value (b) r.m.s. value 

(c) peak value 

(d) none of the above 

24.146. Which of the following instruments can 
be used for measuring 132 kV A.C. 
voltage ? 

(а) Electrostatic voltmeter 

(б) Hot wire voltmeter 

(c) Moving coil voltmeter 

(d) Moving iron voltmeter 

24.147. In . instruments the deflecting 

torque depends on the frequency. 

(a) induction type (6) hot wire 
(c) moving coil (d) moving iron 

24.148.is the commonly used material for 

thermocouples. 

(а) Platinum-rhodium 

(б) Chromel-alumel 

(c) Chromel-copal 

(d) Any of the above 

24.149. Which of the following can be measured 
by ‘Bolometers’ ? 

(a) Thermal radiations 

( b ) ElectricaEsignals 

(c) Optical inputs 

(d) Temperature inputs 

24.150.frequency meter can be used for the 

measurement of radio frequency. 

(a) Heterodyne (6) Weston 

(c) Electrical resonance 

(d) Any of the above 

24.151. The phenomenon of‘creeping’ occurs in 
(a) Ammeters ( b ) Voltmeters 

(c) Wattmeters 

(d) Watthour meters 


24.152. Highest flux density exists inside which 
of the following instruments ? 

(a) Moving coil instruments 

(b) Moving iron instruments 

(c) Hot wire instruments 

( d) Electrodynamic instruments 

24.153. The ratio error of a current transformer 
is due to 

(а) lagging power factor 

(б) exciting current 

(c) stray magnetism 

(d) corona effects 

24.154. The e.m.f. of a Weston standard cell can 
be measured by 

(a) potentiometer (6) galvanometer 

(c) hot wire voltmeter 

(d) electrodynamometer type volt-meter 

24.155. The temperature of a furnace can be 
measured by 

(а) bimetallic thermometer 

(б) mercury thermometer 

(c) clinical thermometer 

(d) optical pyrometer 

24.156. Permanent magnets used in instru¬ 
ments are generally made of 

(a) stainless steel (6) Alnico 
(c) Y-alloy (d) cast iron 

24.157. Which of the following resistances is 
shown by a needle in a meggar not in 
operation ? 

(a) zero ohm (6) 500 ohms 

(c) 1000 ohms (d) infinity 

(e) none of the above 

24.158.voltmeter has the least power con¬ 

sumption. 

(а) Electrostatic type 

(б) Hot wire type 

(c) Induction type 

(d) Moving iron attraction type 

24.159. For protecting a galvanometer during 
transport 

(a) a capacitor is connected across the 
terminals 

(b) the terminals are kept shorted 

(c) the terminals are kept open cir¬ 
cuited 
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24.160. 


24.161. 


24.162. 


24.163. 


24.164. 


24.165. 


24.166. 


24.167. 


ELECTRICAL ENGINEERING {OBJECTIVE TYPE) 


(d) critical damping resistance is con¬ 
nected across the terminals 
The internal resistance of a voltmeter 
must be very high so that 

(а) minimum current passes through 
the meter - 

(б) range is high 

(c) accuracy is high 

(d) loading effect is maximum 

In A.C. bridge if the supply frequency 
is 1000 Hz, the detector will be 

(a) Ballistic galvanometer 

(b) D’ Arsnoval galvanometer 

(c) Vibration galvanometer 

(d) Telephone 

(e) None of the above 

.bridge is used for the precise meas¬ 
urement of inductances over a wide 
range. 

(a) Hay’s (b) Wien’s 

(c) Anderson (d) Maxwell 

Which of the following bridges is used 
to measure power factor ? 

(a) Wien’s bridge ( b ) Maxwell bridge 

(c) Schering bridge 

(d) Kelvin bridge 

Moving parts of instruments are sup¬ 
ported in.bearings. 

(a) jewelled (6) ball 

(c) roller (d) bush 

A power factor meter has. control 

springs, 

(a) one (6) two 

(c) four (d) no 

Dead time of the instrument is 

(а) the time required by an instrument 
to begin to respond to a change in 
the measiirand 

(б) the time required by an instrument 
for initial warming up 

(c) the largest change of input quantity 
for which there is no output of the 
instrument 

(d) none of the above 

In resistance thermometers platinum 
is used because of 

(а) low cost 

(б) low cost and high stability 


(c) low cost, high stability and wide 
operating range 
(cO none of the above 

24.168. Changes in atmospheric temperature, 

humidity etc. cause.errors. 

(a) cumulative (b) systematic 
(c) environmental ( d ) instrumental 

24.169. In electrical measuring instruments, 
electrical energy is converted to 

(а) mechanical energy 

(б) heat energy 

(c) chemical energy 

(d) light energy 

24.170. Meggar is used to measure 

(а) breakdown voltage of insulation 

(б) earth resistance 

(c) insulation resistance 

(d) none of above 

24.171. Sensitivity of a voltmeter is given by 
the 

(а) ohms per volt 

(б) reciprocal of full scale deflection 
current 

(c) both (a) and (6) 

(d) none of the above 
24*172. Control springs are made up of 

(а) phosphor bronze 

(б) copper 

(c) silver ( d) steel 

24.173. In the case of indicating instruments 
the function of the control spring is 

(а) to apply controlling torque 

(б) to pass electric current to moving 
system 

(c) both (a) and (b) 

(d) none of the above 

24.174. Torque weight ratio will be least in. 

instruments. 

(a) dynamometer (6) moving iron 
(c) moving coil (d) all above 

24.175. Air friction damping is achieved by the 
movement of aluminium piston in a 
cylinder when 

(a) piston will have close fitting in the 
cylinder so^that no air can pass from 
the circular contact between the 
two 
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(6) piston will have small circular 
clearance so that air can pass with 
hinderance 

(c) piston will have circular clearance 
so that air can pass freely 
! ( d ) none of the above 

24.176. Meggar is operated by 

(а) internal battery 

(б) air external voltage source 

(c) an internal hand driven generator 

(d) none of the above 

24.177. Meggar will give resistance values 
which 

(а) increase with the speed of the hand 
driven dynamo 

(б) decrease with the speed of the hand 
driven dynamo 

(c) remain constant irrespective of the 
speed 

( d ) any of the above 

24.178. Primary of an instrument transformer 
(C.T.) is connected in 

(a) series with the line 
{ty parallel with the lint 

(c) across two lines 

(d) any of the above 

24.179. Vibrating reeds are used in which of the 
following instruments ? 

(a) Power factor meter 

(b) Frequency meter 

(c) Wattmeter 

(d) Synchronoscope 

24.180. If voltage supply to the energy meter is 
more than the rated value, energy meter 
will run 

(a) slow ( b ) fast 

(c) either of the above 

(d) none of the above 

24.181. Aluminium is selected as the material 
for rotating disc of energy meter be¬ 
cause 

(a) it is good conductor 

(b) it is light 

(c) it is indigenously available 

(d) all of the above reasons 

24.182. For making shunts the material suitable 
is that which has 


24.37 

(a) negligible thermoelectric e.m.f. with 
copper 

(b) same resistance temperature co-effi¬ 
cient as the coil of the instrument 

(c) been annealed properly so that its 
resistance does not change with 
time 

(d) all of the above properties 

24.183. Meter ranges are so selected that the 
indications are obtained near the 

(а) top of the scale 

(б) bottom of the scale 
(c) middle of the scale 
id) none of the above 

24.184. For measuring an unknown electrical 
quantity, select the meter with 

(а) highest range and work down 

(б) lowest range and work up 

(c) with middle range and work up and 
down on trial and error basis 

(d) any of the above 

24.185. Moving iron meters are extensively 
used for the measurement of A.C. volt¬ 
age and current because 

(а) no current flows through the 
moving element and is robust 

(б) its torque weight ratio is more 
(c) it is very accurate 

24.186. Moving iron instruments are rarely 
used in low power high resistance cir¬ 
cuits because of 

(a) high resistance of the coil 

(b) low reluctance of magnetic path 

(c) high reluctance of magnetic path 

(d) none of the above 

24.187. Scale of an instrument will be uniform 
if 

(а) deflecting torque varies directly as 
the deflection angle 

(б) control torque varies directly as the 
deflection angle 

(c) both (a) and ( b ) 

id) damping torque varies directly as 
the deflection angle 

24.188. Swamping resistance is used to 

(a) compensate the error due to tempera¬ 
ture variations 
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24.189. 


24.190. 


24.191. 


24.192. 


24.193. 


24.194. 


24.195. 


(b) compensate the error due to strong 
magnetic field 

(c) both (a) and ( b) 

(d) none of the above 

Which of the following instruments may 
be used to measure D.C. voltage accu¬ 
rately ? 

(a) Moving iron type instrument 

(b) Moving coil type instrument 

(c) Electrodynamic type instrument 

(d) None of the above 

A high resistance is usually connected 
in series with an electrostatic voltmeter 

(a) to render the ‘measurement accu¬ 
rate 

(b) to increase the range 

(c) for safety reasons 

(d) none of the above 

A milli-ammeter can be used as 

(а) an ammeter only 

(б) a voltmeter 

(c) both voltmeter and ammeter 

(d) none of the above 
Weston cell is a 

(а) good source of current 

(б) good source of power 

(c) good standard of voltage 

(d) iione of the above 

Deflection of a hot wire instrument is 
proportional to 

(а) maximum value of alternating cur¬ 
rent 

(б) instantaneous value of alternating 
current 

(c) r.m.s. value of alternating current 

(d) average value of alternating cur¬ 
rent 

Following type of instrument is used to 
measure very small currents of high 
frequency 

(а) Induction type instrument 

(б) Dynamometer type instrument 

(c) Permanent magnet moving coil type 
ammeter 

(d) Thermocouple type instrument 

In which part of the scale does the 
pointer indicate most accurately ? 

(a) In the first third of the scale 


(6) In the first half of the scale 

( c ) In about the middle of the scale 

(d) In the last third of the scale 

24.196. In measuring instruments a mirror is 
provided behind the pointer with a pur¬ 
pose that 

(a) with the help of the mirror it may 
be seen whether the pointer is bent 
or not 

(b) the scale is illuminated through the 
mirror 

(c) reading errors due to inclined obser¬ 
vation are eliminated by removing 
parallax between the pointer and 
its image in the mirror 

( d ) any of the above 

24.197. The accuracy of a meter is determined 

by.deflectiop. 

(a) one-tenth of full scale 

(b) one-fourth of full scale 

(c) half-scale 
(i d) full-scale 

24.198. The sensitivity inaccuracy of an instru¬ 
ment does not depend on 

(a) frequency response 

(b) hysteresis 

(c) amplitude distortion 

(d) all of the above 


24.199. The error, when reading at half-scale in 
an instrument, is 

(a) equal to half of full-scale error 

(b) equal to full-scale error 

(c) less than full-scale error 

(d) greater than full-scale error 

24.200. An instrument's reliability means 

(a) the extent to which the charac¬ 
teristics remain linear 

(b) the life of the instrument 

(c) the degree to which the repeatability 
continues to remain within specific 
limits 

(d) all of the above 

24.201. Damping in an instrument provides 

(a) counter torque to deflection torque 

(b) good accuracy 

(c) braking action on a meter pointer 

(d) starting torque on the meter pou ter 
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24.210/ 


24.202. In an instrument hysteresis means 

(a) the inaccuracy due to change in 
temperature 

(b) the reliability of the instrument 

(c) the repeatability of the instrument 

(d ) the change in same reading when 
input is first increased and then 
decreased 

24.203 .meter has the best accuracy. 

(a) Thermocouple (6) Moving-coil 

(c) Moving-iron ( d) Rectifier type 24.211 

24.204 . damping method is common in 

moving coil instruments. 

(a) Eddy current (6) Fluid 

(c) Spring ( d ) Air 

24.205. In an ammeter the shunt resistance is 

usually.meter resistance. 24.212 

(a) equal to (6) less than 

(c) greater than (d) of any value 

24.206. A very accurate voltmeter, when used 
to measure voltage across a low resis¬ 
tance, gives inaccurate reading be- 24.213 
cause 

(а) the current drawn by the meter is 
too low 

(б) the higher scale has been selected 

(c) the sensitivity of the meter is too 
low 

(d) any of the above 

(e) none of the above 

24.207. The static error band of an instrument 

implies / 

(a) the error introduced in low varying 
inputs 

(b) the error produced when the pen is 
stopped at some deflection 

(c) the accuracy of the instrument 

( d ) the irrepeatibility of the instrument 

24.208. An electrodynamic meter can be used 
to measure 

(a) A.C. voltages ib) D.C. voltages 

(c) both (a) and (6) 

(d) none of the above 

24.209. Which of the following is the merit of a 
moving iron instrument ? 

(а) It can be used under severe over¬ 
load conditions 

(б) It has linear scale 
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(e) It can be used at high frequencies 
(d) Its current sensitivity is high 
Which of the following will happen if a 
voltmeter is connected like an ammeter 
in series to the load ? 

(а) There will be almost no current in 
the circuit 

(б) The measurement will be too high 

(c) The meter will burn out 

(d) A very high current will flow 
A multimeter consists of 

(a) voltmeter and current meter 

(b) voltmeter and ohmmeter 

(c) current meter and ohmmeter 

(d) voltmeter, current meter and ohm¬ 
meter 

The minimum number of wattmeters 
required to measure power in an un¬ 
balanced three-wire system is 
(a) one (6) two 

(c) three ( d) four 

The total power delivered to a three- 
phase load is equal to 

(а) algebraic sum of two-wattmeter 
readings 

(б) algebraic difference of two-watt 
meters readings 

(c) vectorial sum of two-wattmeter 
readings 

(d) vectorial difference of two-watt 
meters readings 

Electrodynamic types of instruments 
are used commonly for the measure¬ 
ment of 

(a) current (b) resistance 

(c) voltage (d) power 

(e) none of the above 

An induction wattmeter measures 

(а) only the true power 

(б) the reactive power 

(c) the apparent power 

(d) the true power and the reactive 
power 

24.216. The instrument used for the measure¬ 
ment of power at 500 MHz is 

(а) compensated wattmeter 

(б) electrodynamometer wattmeter 
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(c) bolometer 

(d) none of the above 

24.217. The reed frequency is essentially 

(a) a deflection measuring system 

( b ) a vibrational measuring system 

(c) an oscillatory measuring system 

(d) a recording measuring system 

24.218. The Q-meter works on the principle of 

(a) self-inductance 

(b) mutual inductance 

(c) series resonant circuit 

(d) parallel resonant circuit 

24.219. Which of the following properties are 
measured by a Q-meter ? 

(а) Electrical properties of the coils 
only 

(б) Mechanical properties of the coils 
only 

(c) Electrical properties of capacitors 
only 

(d) Electrical properties of both the 
coils and capacitors 

24.220. Unit of deflection sensitivity of CRO is 

(a) V/mm (6) meter per volt 

(c) mm per mV (d) mm/V 

( e) none of the above 

24.221. Synchro rs a 

(а) parabolic transducer 

(б) an angular position transducer 

(c) a synchronizing transducer 

(d) a variable transducer 

24.222. Transmission channels for telemetry 
are 

(a) optical links (6) radio links 

(c) cables 

(d) ultrasonic and magnetic induction 
data links 

(e) all of the above 

24.223. A digital voltmeter claims which of the 
following advantage ? 

(а) It is versatile and accurate 

(б) Its output can be fed to memory 
devices and stored 

(c) No observational error and faster 
reading speed 

(d) Low power requirements and less 
cost 

(e) All of the above 


24.224. Null type recorders are 

(a) bridge recorders 

(b) LVDT recorders 

(e) potentiometric recorder 
(d) any of the above 

24.225. The advantage of digital tape recording 
is that 

(а) it gives highly accurate results 

(б) it is insensitive to tape speed 

(c) it needs simple data conditioner 

(d) information can be directly fed to 
digital computers for processing 
and control 

(e) all of the above 

24.226. Harmonic distortion is due to which of 
the following ? 

(а) Linear behaviour of circuit ele¬ 
ments 

(б) Non-linear behaviour of circuit ele¬ 
ments 

(c) Change in behaviour of circuit ele¬ 
ments due to change in tempera¬ 
ture 

(d) None of the above 

24.227. In brewing process the degree of fer¬ 
mentation is measured by 

(a) combustibility meter 

(b) conductivity meter 

(c) bolometer 

(d) pH meter 

(e) any of the above 

24.228. In an oscilloscope a moving wave form 
can be made stationary by adjusting 
which of the following ? 

(а) vertical positioning control 

(б) sync-amplitude control 
(c) coarse frequency control 
{d) horizontal position control 

24.229. The Lissajous pattern of eight, on an 

oscilloscope, keeps on changing the 
shape when the ratio of frequencies is 
(a) exactly 4:1 (6) exactly 3 : 1 

(c) not exactly 2:1 

(d) not exactly 1:1 

24.230. .. cannot be used to measure pres¬ 

sure. 

(a) Strain gauge (6) Pyrometer 

(c) LVDT (of) Pirani gauge 
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24.231 .can measure only pressure. 

(a) Displacer 

(b) Radioactive method 

(c) Belt type meter 

(d) Bubble gauge method 

24.232 .can measure only level. 

(6) Bellow (6) Diaphragm 

(c) Strain gauge 

(d) Radioactive method 

24.233. By a ‘Rotameter’ we can measure 

(a) specific gravity ( b ) viscosity 
(c) flow {d) rotation 

24.234. Which of the following cannot be 
measured by Ring-balance meter ? 

(a) Mass flow rate (6) Flow 
(c) Differential pressure 
{d) Pressure 

24.235. Which of the following is the best 
method for the measurement of 
temperature of hot bodies radiating 
energy in the visible spectrum ? 

(a) Thermopile (6) Bolometer 

(< c) Optical pigometer 
(i d ) Thermo couple 

24.236. Load cell is essentially a. 

(a) photovoltaic cell 

( b) strain gauge 

(c) thermistor 

(d) none of the above 

24.237 .can measure pressure directly ? 

(a) Rotameter (6) Bourden tube 

(c) LVDT (d) Strain gauge 

24.238 . is used to measure flow of air 

around an aeroplane. 

(a) Anemometer (b) Venturimeter 

(c) Orifice (d) Rotameter 

24.239. Which of the following is determined by 
a hydrometer ? 

(a) Specific gravity of gases 

(b) Relative humidity 

(c) Specific gravity of liquids 

(d) Specific gravity of solids 

24.240. A differential transformer is a 

(a) constant pressure transducer 

(b) constant displacement transducer 

(c) variable inductance transducer 

(d) variable pressure transducer 


24.241. The principle of Pirani gauge is based 

on.of the medium. 

(а) combustibility 

(б) thermal conductivity 

(c) humidity 

(d) none of the above 

24.242. Radio frequency can be measured by 
which of the following frequency meters ? 

(а) Weston frequency meter 

(б) Hetrodyne frequency meter 

(c) Electrical resonant frequency meter 

(d) None of the above 


24.243. Which of the following gets varied by 
the focus adjustment of an oscillograph ? 

(a) Accelerating voltage 

(b) Second anode voltage 

(e) Grid voltage of cathode ray tube 
(d) Filament voltage 


24.244.is not a signal conditioner 

(а) Amplifier 

(б) Signal converter 

(c) Equalising network 

(d) Damping network 

24.245. A wave guide acts as a.pass filter 

(a) low (6) high 

(c) band (d) none of the these 

24.246. A.is used to measure frequency in 

wave guides. 

(a) galiometer (6) klystron 

(c) bolometer (d) cavity resonator 

24.247. Which of the following devices may be 
used to measure accurately the inter¬ 
electrode capacitances ? 

(a) VTVM 

(i b) De Santy’s bridge 

(c) Wien’s bridge 

(d) Schering^s bridge 

24.248. For measuring the resistance of the 
elements of an attenuator which of the 
following is the best choice ? 

(а) Maxwell’s bridge 

(б) Meggar 

(c) Ohmmeter 

(d) Wheatstone bridge 

24.249. Which of the following is the pH value 
of pure water ? 

(a) Infinity (6) 50 
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(c) 20 (d) 7 

( e ) None of the above 

24.250. Which of the following can be measured 
with the help of piezo-electric crystal ? 
(a) Acceleration (6) Temperature 

(c) Velocity (d) Flow 

(e) None of the above 


24.251. Which of the following is the most suit¬ 
able transducer for monitoring con¬ 
tinuously variations in very fine thick¬ 
ness (say of paper in a paper industry) ? 
(a) Diaphragm ( b) LVDT 

(c) Strain gauge 

(d) Capacitance transducer 

(e) Any of the above 


24.252. 


24.253. 


24.254. 


24.255. 


24.256. 


Which of the following can be measured 
by a hot wire anemometer ? 

(а) Gas velocities 

(б) Liquid discharges 

(c) Very low pressures 

(d) Pressure of gases 

(e) None of the above 

. is not an element of electrop¬ 
neumatic pressure transmitter. 

(а) Flapper nozzle mechanism 

(б) LVDT 

(c) Bellows 

(d) Operational amplifier 

Thermistors have.temperature co¬ 

efficient. 

(a) low and positive 

( b ) high and positive 

(c) low and negative 

(d) high and negative 

A dummy bridge employing strain 

gauge provides. 

(a) linearity (6) stability 

(c) temperature compensation 
{d) none of the above 
For thermocouple measuring instru¬ 
ments which of the following statements 
is incorrect ? 

(а) Their calibration does not change 
with time or temperature 

(б) They read r.m.s. values 

(c) They are incapable of standing any 
overloads 


24.257. 


24.258. 


24.259. 


24.260. 


24.261. 


24.262. 


2 ^ 63 . 


24.264. 


(d) If calibrated on D.C., they cannot be 
used for AC. signals 
High voltage tests are 

(а) high frequency tests 

(б) sustained low frequency tests 

(c) constant direct current tests 

(d) surge tests 

(e) all of the above 

The cathode of a C.R.O. is usually 
coated with 

(a) alkali metals 

( b ) tungsten or thorium oxide 

(c) copper oxide 

(d) barium or^strontimn oxide 
The input impedance of a C.R.O. is 

(а) zero 

(б) around 100 ohms 

(c) around 1000 ohms 

(d) around one mega-ohm 

A C.R.O. can be used to measure 
(a) a.c. voltages only 
(fc) d.c. voltages only 

(c) frequency 

(d) any of the above 

A double beam oscilloscope has 
(a) two electron guns 
(fc) two screens 

(c) two different phosphor coatings 

(d) one wave form divided into two 
parts 

Phosphor coating for cathode ray tubes 
is provided on 

(a) inside surfaces only 

(b) outside surfaces only 

(c) both the surfaces 

(d) within the glass 

The brightest spot, on a cathode ray 
screen, occurs at 

(а) the centre 

(б) the outer periphery 

(c) midway between centre and outer 
periphery of screen 

(d) brightness is same all over the 
screen 

For better results a strain gauge should 
have low 

(a) resistance value 

(b) gauge factor 
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(c) resistance temperature co-efficient 

(d) all of the above 

24.265. Rosette gauges are used to 

(а) amplify strain values 

(б) measure variable strain 

(c) compensate for temperature varia¬ 
tions 

0 d ) measure strain in more than one 
direction 

24.266. A dummy strain gauge is used to 

(а) improve the stability of the system 

(б) compensate for temperature varia¬ 
tions 

(c) increase the sensitivity ~of measur¬ 
ing system 

(d) none of the above 

24.267.is a digital transducer. 

(a) Encoder ( b ) Photovoltaic 

(c) Thermocouple 

(d) Piezoelectric transducer 

24.268. The output of LVDT is in the form of 

(а) pulses 

(б) high frequency signals 

(c) rotary movement of core 

( d) linear displacement of core 

24.269. LVDT is a.transducer. 

(a) eddy current ( b ) resistance 

(c) magnetostsiction 

(d) inductive 

24.270. LVDT possesses the following 
advantage 

(a) Excellent repeatability 

B. FiH in the Blanks/Say ^Yes’ or ‘No’: 

24.276. The instruments used for all electrical 
measurements are called . instru¬ 

ments. 

24.277.instruments are those instruments 

which indicate the quantity to be 
measured in terms of the constants of 
the instrument and in order to find out 
the quantity in practical units it is 
necessary to multiply such deflections 
with an instrument constant. 

24.278. The most common absolute instrument 
is.galvanometer. 

24.279.instruments are rarely used and 

their use is merely confined within 


(6) Infinite resolution 

(c) High linearity of output 

(d) All of the above 

24.271. Which of the following is an analogue 
transducer ? 

(a) Strain gauge ( b ) Thermistor 

(c) LVDT (d) All of the above 

24.272. In optical pyrometer temperature is 
measured by 

(а) photocell principle 

(б) thermocouple effect 

(c) comparing the brightness of the 
source with the brightness of a 
standard source 

( d ) none of the above 

24.273.is a low cost thermocouple 

(a) Iron-constantan 

(b) Chromel-const ant an 

(c) Rhodium-indium 
(gO Tungsten-rhenium 

24.274. Relative permittivity can be measured 

by.bridge 

(a) Wheatstone (6) Hay’s 

(c) Schering (d) De santy 

24.275. A Hall’s effect pick up can be used for 
the measurement of 

(а) pressure 

(б) temperature change 
( c ) relative humidity 
id) magnetic flux 

(e) none of the above 


laboratories as standadizing instru¬ 
ments. 

24.280. The deflection of a . instrument 

gives directly the quantity to be 
measured. 

24.281. Secondary instruments are generally 
used in every day work. (Yes/No) 

24.282.instruments are those which indi¬ 

cate the instantaneous value of electri¬ 
cal quantity being measured* at the 
time at which it is being measured. 

24.283. ...... instruments are those which give 

a continuous record of the variations of 
an electrical quantity over a selected 
period of time. 
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24.284. 

24.285. 

24.286. 

24.287. 

24.288. 

24.289. 

24.290. 

24.291. 

24.292. 

24.293. 

24.294. 

24.295. 

24.296. 

24.297. 

24.298. 

24.299. 

24.300. 

24.301. 


The instruments which measure the 
total quantity of electricity delivered in 


a particular time are called.instru¬ 

ments. 

A watt-hour meter is an integrating 
instrument. (Yes/No) 

Wattmeters are used for measuring 
currents in the circuits. (Yes/No) 


Power factor can be measured with the 
help of a power factor meter. (Yes/No) 
Resistances are measured with the 
help of ohmmeters and resistance 
bridges. (Yes/No) 

The moving system of an electrical 
indicating instrument is usually 

carried by a spindle of.steel. 

Indicating instruments possess three 
essential features deflecting device, 
controlling device and damping device. 

(Yes/No) 

A.device parents the oscillation of 

the moving system and enables the lat¬ 
ter to reach its final position quickly. 
The gravity controlled instruments 
have scales which are not uniform but 
are cramped or crowded at their lower 
ends. (Yes/No) 

Gravity control gives a.scale. 

An ammeter and a voltmeter work on 

the.principle. 

An ammeter has a.resistance. 

A voltmeter has a.resistance. 

An ammeter is connected in series with 
any circuit. (Yes/No) 

A voltmeter is always connected in 
parallel to the circuit. (Yes/No) 

Moving-iron instruments are common¬ 
ly used in laboratories and switch 
boards at commercial frequencies be¬ 
cause they are very . and can be 

manufactured with required. 

Permanent-magnet type moving coil 
instruments can be used both for A.C. 
and D.C. (Yes/No) 

A moving-coil permanent-magnet in¬ 
strument can be used as ammeter by 
using.resistance shunt. 


24.302. 

24.303. 

24.304. 

24.305. 

24.306. 

24.307. 

24.308. 

24.309. 

24.310. 

24.311. 

24.312. 

24.313. 

24.314. 


24.315. 

24.316. 


An ammeter shunt is merely a 
resistance that is placed in parallel 
with the coil circuit of the instrument 
in order to measure fairly.currents. 

The shunts are made of material such 
as.which has.temperature co¬ 

efficient of resistance. 

In most instances rectifier instruments 

have essentially.scales. 

Shunting of rectifier instruments is not 

practical because of the change in. 

of the rectifier with both temperature 
and the amount of current. 

The primary advantage of the rectifier 

voltmeter is that it is far more . as 

compared to other types of voltmeter 
suitable for measuring A.C. voltages. 

A ...... is a combination of an ammeter 

and a voltmeter. 

A wattmeter consists of two coils 
known as current coil and pressure coil. 

(Yes/No) 

An induction wattmeter can handle 
current upto 100 A. (Yes/No) 

. meters are used to measure the 

quantity of electric energy supplied to 
a circuit in a given time. 

Induction meters are used on . cir¬ 

cuit. 

In . bridge method of measuring 

resistances, a resistor of unknown 
resistance is balanced against resistors 
of known resistances. 

For the accurate measurement of 
potential difference, current and resis¬ 
tance the.is one of the most useful 

instruments. 

The principle of action of a poten¬ 
tiometer is that an unknown e.m.f. or 
p.d. is measured by balancing it, wholly 

or in part, against a.difference of 

potential. 

A meggar consists of an.source and 

a. 

In a meggar, the deflection of the moving 
system depends on the ratio of the cur- 
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24.317. 

24.318. 

24.319. 

24.320. 

24.321. 

24.322. 

24.323. 

24.324. 

24.325. 

24.326. 

24.327. 

24.328. 

24.329. 

24.330. 

24.331. 

24.332. 


rents in the coils and ; s.of applied 

voltage. 

A cathode ray oscilloscope is an instru¬ 
ment which presents signal wave¬ 
forms visually. (Yes/No) 

A C.R.O. can operate upto 100 Hz. 

(Yes/No) 

A cathode ray tube is the heart of an 


An electron gun produces a stream of 
electrons. (Yes/No) 

The time base circuit is also known as 
sawtooth wave generator. (Yes/No) 

.voltmeter essentially consists of a 

thermionic valve which has a milliam- 
meter connected in its anode circuit. 
The valve voltmeter is the only type of 
instrument that can be used for low- 
voltage R.F. measurements. (Yes/No) 
A vacuum tube voltmeter practically 
consumes no power. (Yes/No) 

A vacuum tube voltmeter works on the 

principle that a . can be used as a 

voltmeter. 

The R-C oscillator is widely used as a 
sources of audio-frequencies and of fre¬ 
quencies with upto about 500 kilo¬ 
cycles. (Yes/No) 

An oscillator which has a very high 
frequency stability is termed as 
‘primary frequency standard’. (Yes/No) 
The technology of using instruments to 
measure and control the physical and 
chemical properties of the materials is 
called. 

A . is a device which converts the 

energy from one form to another. 

. transducers are known as exter¬ 
nally-powered transducers. 

. transducers are known as self¬ 
generating type transducers. 

. transducers convert the input 

physical phenomenon into an electrical 
output which may be in the form of 
pulses. 


24.333. 

24.334. 

24.335. 

24.336. 

24.337. 

24.338. 

24.339. 

24.340. 

24.341. 

24.342. 

24.343. 

24.344. 

24.345. 


In . transducer an indication of 

measured physical quantity is given by 
a change in the resistance. 

Linear and angular motion poten¬ 
tiometers convert the linear motion or 
the angular motion of a rotating shaft 
into changes in resistance. (Yes/No) 

Thermistors are essentially semicon¬ 
ductors which behave as resistors with 
a high positive temperature co-efficient 
of resistance. (Yes/No) 

Transducers which make use of air gap 
change are referred as.type. 

LVDT is a passive inductive transducer 
and is commonly employed to measure 
force in terms of the amount and direc¬ 
tion of displacement of an object. 

(Yes/No) 

LVDT is not suited for fast dynamic 

measurements on account of . of 

core. 

A transducer operates on the principle 

of variation in capacitance produced by 
the physical quantity being measured. 

A . jnaterial is one in which an 

electric potential appears across cer¬ 
tain surfaces of a crystal if the dimen¬ 
sions of the cyrstals are changed by the 
application of a mechanical force. 

Resistance strain gauges are also 
known as piezoresistive gauges. 

(Yes/No) 

The strain gauge should not have any 
hysteresis effect in its response. 

(Yes/No) 

In . strain gauges the strain is 

sensed with the help of metal foils. 

Any pressure measured above the ab¬ 
solute zero of pressure is termed as. 

pressure. 

Elastic pressure elements or mechani¬ 
cal type of transducers are used for 
measurement of very high pressures 
upto about 700 MN/m 2 . (Yes/No) 
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24.346. 

24.347. 

24.348. 

24.349. 

24.350. 

24.351. 

24.352. 

24.353. 

24.354. 

24.355. 

24.356. 

24.357. 

24.358. 

24.359. 

24.360. 


The manometers and U-tubes are 
suitable for comparatively low pres¬ 
sures. (Yes/Nc) 

One of the simplest of pressure-voltage 

transducer uses a. 

Capacitive pressure transducers con¬ 
sist of two conductive plates and a 
dielectric. (Yes/No) 

A carbon pile pressure transducer 

translates pressure change to . 

change. 

A . vacuum gauge operates on the 

principle that at low pressures the ther¬ 
mal conductivity of a gas is a function 
of pressure. 

.can be defined as a thermal state 

which depends upon the internal or 
molecular energy of the body. 

A resistance thermometer is used for 
precision measurements below 150°C. 

(Yes/No) 

y 

A device which measures the total in¬ 
tensity of radiation emitted from a body 

is called.pyrometer. 

An .pyrometer works on the prin¬ 

ciple that the matters glow above 480°C 
and the colour of visible radiation is 
proportional to the temperature of the 
glowing matter. 

An.transducer utilizes the voltage 

produced in a coil on account of change 
in flux linkages resulting from change 
in reluctance. 

Angular velocity may be measured 

with the help of a. 

The acceleration of a moving body is 
generally measured by means of sensor 
called. 

A . accelerometer is probably the 

simplest and most commonly used 
transducer for measuring acceleration. 
In a . accelerometer, the displace¬ 

ment of a mass resulting from an 
applied force is measured and corelated 
to the acceleration. 

Seismic accelerometer may also be 
used as.sensor. 


24.361. 

24.362. 

24.363. 

24.364. 

24.365. 

24.366. 

24.367. 

24.368. 

24.369. 

24.370. 

24.371. 

24.372. 

24.373. 


The.is a device used to measure the 

torque being exerted along a rotating 
shaft so as to determine the shaft power 
input or output of power generating, 
transmitting and absorbing machinery. 
. dynamometer works on the prin¬ 
ciple that the power measured is con¬ 
verted into heat by friction or by other 
means. 

.dynamometers measure power and 

also supply energy to operate the tested 
devices. 

. dynamometers work on the prin¬ 
ciple that the power being transmitted 
either to or from the dynamometer is 
not absorbed or dissipated. 

D.C. electric type dynamometer is the 
least versatile and accurate dynamo¬ 
meter. (Yes/No) 

. meters measure either the 

volumetric flow rate directly or use 
meter that measure velocity and the 
volume flowrate can then be calculated 
with the help of cross-section. 

. meters may be designed for the 

measurement of either weight or 
volume. 

. flow meters are particularly 

suitable for the flow measurements of 
slurries, sludge and any electrically 
conducting liquid. 

.is an instrument which measures 

humidity directly. 

.may be defined as measuring at a 

distance. 

. telemetering is telemetering per¬ 
formed by deriving from the measur- 
and or from an end device a quanti¬ 
tatively related separate electrical 
quantity or quantities as a translating 
means. 

.telemetering system transmits the 

measured variable as a function of an 
A.C. or D.C. voltage. 

In the.system of telemetering the 

characteristic signal involves the rela¬ 
tionship between the two electrical 
quantities of a siniilar nature. 
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24.374. In.telemetering system the meas- 24.375. Frequency multiplexing techniques are 

urement varies the frequency of an universally used in preference to. 

electrical signal depending upon the multiplexing, 

information to be transmitted. 
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(Instruments and Measurements) 
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24.247. 

(d) 

24.248. 

(d) 

24.250. 

(a) 

24.251. 

(b) 

24.253. 

(a) 

24.254. 

(d) 

24.256. 

(d) 

24.257. 

(e) 

24.259. 

(d) 

24.260. 

(d) 

24.262. 

(a) 

24.263. 

(a) 

24.265. 

(d) 

24.266. 

(c) 

24.268. 

(d) 

24.269. 

(d) 

24.271. 

(d) 

24.272. 

(c) 

24.274. 

(c) 

24.275. 

(d) 


B. Fill in the Blanks/Say ‘Yes’ or ‘No’: 

24.276. measuring 
24.278. tangent 
24.280. secondary 
24.282. Indicating 
24.284. recording 
24.286. No 
24.288. Yes 
24.290. Yes 
24.292. Yes 
24.294. same 
24.296. high 
24.298. Yes 
24.300. No 
24.302. low, large 
24.304. linear 
24.306. sensitive 
24.308. Yes 
24.310. Energy 
24.312. Wheatstone 
24.314. known 
24.316. independent 
24.318. No 
24.320. Yes 
24.322. Valve 
24.324. Yes 
24.326. Yes 
24.328. instrumentation 
24.330. Passive 
24.332. Digital 
24.334. Yes 
24.336. reluctance 
24.338. mass 
24.340. piezoelectric 
24.342. Yes 


24.249. (d) 

24.252. (a) 

24.255. (c) 

24.258. (d) 

24.261. (a) 

24.264. (c) 

24.267. (a) 

24.270. (d) 

24.273. (a) 


24.277. 

Absolute 

24.279. 

Absolute 

24.281. 

Yes 

24.283. 

Recording 

24.285. 

Yes 

24.287. 

Yes 

24.289. 

hardened 

24.291. 

damping 

24.293. 

cramped 

24.295. 

low 

24.297. 

Yes 

24.299. 

cheap, accuracy 

24.301. 

low 

24.303. 

manganin, negligible 

24.305. 

resistance 

24.307. 

wattmeter 

24.309. 

Yes 

24.311. 

A.C. 

24.313. 

potentiometer 

24.315. 

e.m.f., voltmeter 

24.317. 

Yes 

24.319. 

oscilloscope 

24.321. 

Yes 

24.323. 

Yes 

24.325. 

detector 

24.327. 

Yes 

24.329. 

transducer 

24.331. 

Active 

24.333. 

resistance 

24.335. 

No 

24.337. 

Yes 

24.339. 

capacitive 

24.341. 

Yes 
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24.344. 

absolute 

24.345. 

Yes 

24.346. 

Yes 

24.347. 

potentiometer 

24.348. 

Yes 

24.349. 

resistance 

24.350. 

thermocouple 

24.351. 

Temperature 

24.352. 

Yes 

24.353. 

radiation 

24.354. 

optical 

24.355. 

electromagnetic 

24.356. 

tachometer 

24.357. 

accelerometer 

24.358. 

piezoelectric 

24.359. 

seismic 

24.360. 

vibration 

24.361. 

dynamometer 

24.362. 

Absorption 

24.363. 

Driving 

24.364. 

Transmission 

24.365. 

No 

24.366. 

Rate 

24.367. 

Quantity 

24.368. 

Electromagnetic 

24.369. 

Hygrometer 

24.370. 

Telemetering 

24.371. 

Electric 

24.372. 

Voltage 

24.373. 

position 

24.374. 

frequency 

24.375. 

time 
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Control Systems 


25.1. SYSTEM 

A system may be defined as follows : 

“A system is an arrangement, set or collection of things connected or related in such a manner 
as to form an entirety or whole ” 

° r 

“A system is an arrangement of physical components connected or related in such a manner as 
form and, / or act as an entire unit \ 

A system consists of a sequence of components in which each component has some cause as 
input and, its effect will he its output. Broadly it is a sequential set of cause and effects . 

Each system may have a large number of subsystems . Examples : 

(i) This universe is itself a system consisting of large system 

(ii) Human body as a system has digestive system, respiratory system etc. 

25.2. CONTROL SYSTEM 

A control system is an arrangement of physical components connected or related-in such a 
manner as to command , direct or regulate itself or another system. 

Open-Loop System. An open-loop system is one in which the control action is independent 
of the desired, output. The actuating signal depends only on the input command and output has nc 
control over it. 

Closed-Loop System. A closed loop system is one in which control action is some how 
dependent on the output. In this case the controlled output is feedback through a feedback element 
and compared with the reference input. Thus the actuating signal is the difference of desired output 
and reference input. 

Feedback is that property of a closed-loop system which permits the output or some other 
controlled variable of the system, to be compared with the input to the system, so that the appropriate 
control action may be formed as some function of the output and input. A feedback is said to exist in 
a system when a closed sequence of cause and effect relations exists between system variables. The 
characteristics of feedback are as follows : i 

(i) Increased bandwidth 

(ii) Increased accuracy 

(hi) Tendency towards oscillation or instability 

(z'l>) Reduced effects of non-linearities and distortion 

(u) Reduced sensitivity of the ratio of output to input to variations in system characteristics. 

25.1 
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* 

Comparison between Open and Closed-loop Systems 


Open Loop 

Closed f^oop 

1. Less accurate 

2. Generally build easily 

3. Stability can be ensured 

4. Presence of non-linearities 'iause mol- 
functioning 

5. Any change in system component cannot 
be taken care of automatically 

6. Input command is the sale factor respon¬ 
sible for providing the control action 

1. More accurate 

2. Generally complicated and costly 

3. May become unstable at times 

4. It usually performs accurately even in the 
presence of non-linearities 

5. Change in system component is automati¬ 
cally taken care of 

6. The control action is provided by the dif¬ 
ference between the input command and the cor¬ 
responding output 

7. The control adjustment depends upon 
human judgement and estimate 

Examples : 

(0 Automatic washing machine 
(ii) The electric switch 
(iii) An automatic faster 

Note. All control systems operated by present 
timing mechanism are open-loop. 

7. The control adjustment depends on output 
and feedback element. 

Examples : 

(i) Liquid level control system 
(ji) Traffic signal system 
(Hi) Human being reaching for an object. 


Elements of a Control System 

The elements of a control system are enumerated and defined below 


Element 

Definition 

1 .. Controlled variable 

The quantity or condition of the controlled sys¬ 
tem which can be directly measured and control¬ 
led is called controlled variable . 

2. Indirectly controlled variable 

The quantity or condition related to controlled 
variable, but cannot be directly measured is 
called indirectly controlled variable. 

3. Command 

The input which can be independently varied is 
called command . 

4. Reference input 

A standard signal used for comparison in the 

5. Actuating signal 

closed loop system. 

The difference between the feedback signal and 
reference signal is called actuating signal. 

6. Disturbance 

Any signal other than the reference which affects 
the system performance is called disturbance. 

7. System error 

The difference between the actual value and ideal 
value is called system error. The negative value 
is called derivation. 
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Servo Mechanism 

A servo mechanism is a feedback control system used to control position or its derivative. It 
has the following essential features : 

1. It is a closed loop system. 

2. It is used to control position, velocity or acceleration. 

3. Its characteristics include : 

— automatic control 

— remote operation 

— fast response 

— high accuracy. 

4. It has high power amplifying stages to operate the system from very small error to signal. 

Regulator 

A regulator is a system employed to control quality which is to he kept constant for a fairly 
long internal. 

Example. Voltage regulator or speed regulator. 

25.3. REPRESENTATION THROUGH MODEL 

In order to solve a system problem, the specifications or description of the system configuration 
and its components must be put into a form amenable to analysis , design and evolution. Following 
three basic models may be used for various systems : 

1. Differential equations and other mathematical solutions 

2. Block diagrams 

3. Sign flow graphs (SFG). 

25.4. ANALOGOUS SYSTEMS 

For mathematical relations analogies are drawn between features of a system and features 
of some known elements or properties, some analogous systems are given below : 


Table 1. Force-Current Analogy 


Mechanical System 

Electrical system 

S.No. 

Translational 

Rotational 

1. 

Force, F 

Torque, T 

Current, / 

2. 

Mass, M 

Moment of inertia, M.I. 

Capacitance, C 

3. 

Displacement, x 

Angular displacement, 0 

Magnetic flux linkage, § 

4. 

Velocity, V 

Angular velocity, W 

Voltage, E 

5. 

Viscous friction co-efficient, f 

Viscous friction co-efficient, F 

Reciprocal or resistance, ~ 

R 

6. 

Spring stiffness, K 

Torsional spring stiffness, K 

i 

Reciprocal of inductance, — 

L/ 
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Table 2. Force Voltage Analogy 


Mechanical system 

Electrical system 

S.No. 

Translational 

Rotational 

1. 

Force, F 

Torque, T 

Voltage, E 

2. 

Mass, M 

Moment of inertia, M.I. 

Inductance, L 

3. 

Displacement, x 

Angular displacement, 0 

Charge, q 

4. 

Velocity, U 

Angular velocity, W 

Current, I 

5. 

Spring stiffness, K 

Torsional spring stiffness, K 

Reciprocal of capacitance, ~ 

6. 

Viscous friction co-efficient, f 

Viscous friction co-efficient, f 

Resistance, R 


Table 3. Electrical, Thermal, Liquid Level and Pneumatic Systems 


S.No. 

Electrical systems 

Thermal systems 

Liquid-level systems 

Pneumatic systems 

1. 

Charge, coloumbs (C) 

Heal flow, joules (J) 

Liquid flow cum. 

(n?) 

Air flow, cum. (m 3 ) 

2. 

Current, amperes (A) 

Heat flow rate, 
joules/sec. (J/s) 

Liquid flow rate, 
cum/sec (m 3 /s) 

Air flow rate, cum/sec. 
(m 3 /s) 

3. 

Voltage, volts (V) 

Temperature, °C 

Heat, meters (m) 

Pressure, N/m 2 

4. 

Resistance, ohms (Q) 

Resistance, °CsJ _1 

Resistance, m -2 s 

Resistance N-ms _1 

5. 

Capacitance, farad ( F) 

Capacitance, J/°C 

3 

Capacitance, m /m 

o Q 

Capacitance m /Nm 


25.5. BLOCK DIAGRAM 


A block diagram is the diagramatic representation of a physical system. The following steps 
are worthnothing: 

— Firstly a functional block diagram is drawn to represent the functions of the system. 

— Then it is converted into a mathematical block diagram by expressing the transfer function 
for each block. 


— Finally it is reduced to an equivalent simpler block diagram, for system analysis. 
Fig. 25.1 shows a block diagram of the feedback control system. 



System 

error 


Fig. 25.1. Block diagram of the feedback control system. 
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25.5 


Mathematical Block Diagram 

Pig. 25.2 shows the block diagram of a closed loop system. The various quantities shown are 
as follows : 

R(s) - Laplace transform of the reference input 
C(s) = Laplace transform of the output 
H(s) = Transfer function of the feedback path 
B(s) = Laplace transform of the feedback signal 

= C(s) H(s) R(s) jQ E{ • L 


B (s) 


H (s) 


6 (s) 


C (s) 


Fig. 25.2. Closed loop system. 


or 

or 

or 


E{s) - Laplace transform of the actuating signal 
= «(s)-B(s) 

= R(s) - C(s) H(s) 

G(s) = Laplace transform of the formed path 

C(s) = G(s) E(s) = G(s) R(s) - G(s) H(s) C(s) 

C(s) + G(s) H (s) C(s) = G(s) B(s) 

C(s) [1 + G(s) H(s) ] = G(s) B(s) 

■ qs) g(g) 

B(s) " 1 + G(s)H(s) 

Hence the transfer function of the system, 

_C(sl__G(sl_ 

8 ‘ R{ s) " 1 + G(s)H(s) 

In the above equation the following points one worthnoting : 

(i) Product of transfer functions of forward path and feedback path as G(s) x H(s) t sometimes 
expressed as GH(s). 

(ii) The system performance depends on its characteristic equation (it is a key equation in the 
control system analysis) which is giver as under : 

1 + G(s) H(s) = 0 

Block reductions 

By using the rules (derived by simple algebraic manipulation of the equations representing 
the blocks) of block diagram algebra, a complex block diagram configuration can be simplifies by 
certain rearrangements of block diagrams; such rules are given in the table 25.4. 

Table 25.4. Rules for Block Diagram Algebra 
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Fig. 25.3. Rules for block diagram algebra. 

25.6. SIGNAL FLOW GRAPH ■* 

The block diagram reduction process, for complicated systems, becomes tedious and time 
consuming. For this purpose signal flow graphs (developed by S.J. Mason) are used. 

A signal flow graph is a pictorial representation of the simultaneous equations describing a 
-system. 

Some important definitions relating to signal flow graph are given below : 

1. Input and Output nodes. Anode having only outgo ingbranches is called input node which 
a node having only incoming branches is called output node or sink . 

2. Path. Any continuous unidirectional succession of branches traversed in the indicated 
direction of branch is called path. 

3. Forward path. The path from input node to the output node along which no anode is 
traversed twice is called forward path. 

4. Loop or feedback path. It is defined as the path originating from a node and after 
traversing terminates at the same node without traversing any other node twice. 

5. Path gain and loop gain. The product of transmittances along a path is called path gain 
while along the loop is called loop gain. 


Rules for drawing a Signal ‘Flow Graph’ 

A signal flow graph can be drawn following the rules given as under : 

1. The system variables are represented by nodes and arranged from left to right to represent 
cause and effect through the system. 

. 2 . The direction of the branch from node to Xi to X m represents that the variable X m depends 
upon the variable Xi and not the reverse. 

3. Signals travel along the direction of arrows only. 

4. If the transmittance of branch between node l to m is then X m = £/ m X/. 


5. The value of the variable at the node is the sum of 
all the signals entering the node. This value is transmitted on 
all the branches leaving this node. 

A typical example of a signal flow graph is shown in 
Fig. 25.4. 

Here, ‘ path gairC of forward path from Xj to X 2 to X 3 to 
X 4 is A 21 A 32 .A 43 . The ‘ loop gain 9 of feed back loop fromX 2 to 
X 3 and back to X 2 is A 32 *A 23 - 


a 42 



A 


23 


4 


Fig. 25.4 
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Mason’s Gain Formula 

Mason’s gain formula, which is applicable to the overall gain (the transmittance between an 
input node and output node), is 

PkAk 

k 

where = path gain transmittance of k th forward path 

A = determinant of the graph 

= 1 — (sum of all different loop gains) + (sum of gain products of all possible 
combinations of two non-touching loops) 

— (sum of gain products of all possible combination of three non-touching loops) 
Ak = co-factor of k t h path determinant of this graph with the loops touching the k t ^ 
forward path removed. 

25.7. TIME RESPONSE OF CONTROL SYSTEM 

Some Important Definitions: 

1. Delay time. It is the time required for the response to reach line half the final value. 

2. Rise time. It is the time required for the response to rise from 10 to 90% of its final value. 

3. Peak time. It is the time required for the response to reach the first peak of the overshoot. 

4. Maximum overshoot. It is the maximum value of the response curve measured from unity. 

5. Overshoot. It is the maximum different between the transient and steady state solutions 
for unit-step function input. It is a measure of relative stability and is represented as percentage of 
final value of the output. 

6. Settling time. It is the time required for the response to a unit-step function input to reach 
and remain within a specified percentage of its final value. 

Test Functions: 

Following are the commonly used typical test signals : 

(i) Step function (; ii ) Ramp function 

(Hi) Impulse function ( iv ) Sinusoidal function. 

25.8. STABILITY 

The response of a system to input or disturbances determines its stability . A stable system is 
one that will remain at rest unless excited by an external source and will return to rest if all the 
excitations are removed. A system is stable if its impulse response approaches zero as time 
approaches infinity. The necessary condition for the system to be stable is that the real parts of the 
roots of the characteristic equation have negative real parts. This ensures that the impulse response 
will decay exponentially with time . 

When the system has some roots with real parts equal to zero, but none with positive real 
parts, the system is said to be marginally stable which in unstable. 

Routh Stability Criterion 

Routh stability criterion is a method for determining system stability that can be applied to 
an nth order characteristic equation of the form 

a n s n + a n _\s n ~ l +.+ ajs + a 0 = 0 
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The Routh table is prepared as defined below : 




a n-2 

a n -\ 

s"- 1 


a n -3 

a n ~5 




b 3 



c 2 

C3 


After the array is completed the following criterion is applied. 

“The number of changes in sign for the terms in the first column equals the number of roots of 
the characteristic equation with positive real parts. 

Hence by the Routh criterion, for a system to be stable the array resulting from its charac¬ 
teristic equation must have a first column with terms of the same sign. 


Deficiencies of Routh’s criterion 

1 . It does not provide the facility for selecting in a simple and direct fashion the parameters 
of a system component to stabilize the system when it is found to be absolutely unstable. 

2 . It assumes that characteristic equation is available in polynomial form ; which is not 
necessarily always true. 

3. The Routh array may show no change in sign in the first column but the ensuing dynamic 
response may be characterised by overshoots so excessive as to render the system useless for control 
purposes. Thus the system may be relatively unstable inspite of the fact that it is absolutely 
stable. 

4. Although this criterion gives information about absolute stability, it conveys little or no 
information about how close the system may be to become unstable. 

25.9. FREQUENCY RESPONSE 

The analysis of the system whose input is frequency and amplitude is dealt under frequency 
response. The system is actuated by a sinusoidal input and allowed to settle. The output amplitude 
and- its phase with respect to input are measured. The phase difference and amplitude change indicate 
the nature of the system. 

Graphical Methods 

The following four graphical methods are available to control systems analysis which are 
simpler and more direct than the time domain method for practical linear models of feedback control 
systems : 

1 . Bode’s-Plot-Representation 2. Nyquist Diagrams 

3. Nichols Charts 4. The Root Locus method. 

The first three are frequency-domain techniques. 

Bode’s Plot. This method has the following advantages : 

(i) It is the simplest method. 

(ii) The multiplication of magnitudes can be converted into addition. 

(iii) Transfer function can be determined easily. 

Nyquist Method 

— This method handles systems with time delays without the necessity of approximations 
and hence yields exact results about both absolute and relative stability of the system. 
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— It is also useful for obtaining information about transfer functions of components or 
systems from experimental frequency response data. 

Root Locus Method 

This method permits accurate computation of the time-domain response in addition to yielding 
readily available frequency response information. 

25.10. ERROR DETECTOR 

— An * error detector 9 is a sensor to sense the error between the reference input and the desired 
output. 

— It gives an input to the amplifier and actuator in proportion to the error. 

— Its output should be directly electrical or a transducer should be cascaded to give electrical 
output. 

— An error-cum-transducer is obtained by connecting two potentiometers in parallel to a 
voltage source. Their movable points are brought out to give output Voltage in proportion 
to the difference between the positions of the two movable contacts. 

25.11. LVDT 

LVDT (Linear-Variable-Differential Transformer) is a transformer having one primary, and 
two secondary windings and a movable core. The secondary windings are connected in series 
opposition, so as to have output which is difference of the two induced secondary voltages. The 
movable core is connected to the shaft and in normal position output voltage is zero. When the core 
moves the output voltage is a function of the shaft position . 

25.12. SERVO-AMPLIFIER 

— A servo-amplifier is the amplifier used to amplify the small output of the error detector to 
directly operate the actuator . 

— It can be electronic, magnetic or rotating. 

— It should have high input impedance, low output impedance, frequency response curve 
should be flat in the range of operating frequencies, phase sensitive, small residual voltage 
and minimum noise. 

25.13. SAMPLED DATA SYSTEMS 

These systems (also called discrete time systems) are dynamic systems , in which on or more 
variables change at the discrete instant of time. The time interval between two discrete instants is 
very small so that the data during this interval can be approximated by interpolation. 

These systems final applications in : 

(i) Numerically controlled machine tool operations. 

(ii) Pulse control or digital control of electric drives. 

(Hi) High speed tin plate rolling mill using quantized data for control. 

(iv) Large complex systems employing telemetry links based on pulse modulation transmission 
of data. 
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OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer : 

25.1. In an open loop control system 

(a) Output is independent of control 
input 

(b) Output is dependent on control 
input 

(c) Only system parameters have effect 
on the control output 

( d) None of the above 

25.2. For open control system which of the 
following statements is incorrect ? 

(а) Less expensive 

( б ) Recalibration is not required for 
maintaining the required quality of 
the output 

(c) Construction is simple and main¬ 
tenance easy 

(d) Errors are caused by disturbances 

25.3. A control system in which the control 
action is somehow dependent on the 
output is known as 

(а) Closed loop system 

( б ) Semiclosed loop system 

(c) Open system 

(d) None of the above 

25.4. In closed loop control system, with posi¬ 
tive value of feedback gain the overall 
gain of the system will 

(а) decrease ( 6 ) increase 

(c) be Unaffected (d) any of the above 

25.5. Which of the following is an open loop 
control system ? 

*{a) Field controlled D.C. motor 

( б ) Ward leonard control 

(c) Metadyne (d) Stroboscope 

25.6. Which of the following statements is 
not necessarily correct for open control 
system ? 

(а) Input command is the sole factor 
responsible for providing the con¬ 
trol action 

( б ) Presence of non-linearities causes 
mal-functioning 

(c) Less expensive 

(d) Generally free from problems of 
non-linearities 


25.7. In open loop system 

(a) the control action depends on the 
size of the system 

( b ) the control action depends on sys¬ 
tem variables 

(c) the control action depends on the 
input signal 

(d) the control action is-independent of 
the output 

25.8.has tendency to oscillate. 

(а) Open loop system 

(б) Closed loop system 

(c) Both (a) and (6) 

(d) Neither (a) nor (b) 

25.9. A good control system has all the fol¬ 
lowing features except 
(a) good stability (6) slow response 

(c) good accuracy 

(d) sufficient power handling capacity 

25.10. A car is running at a constant speed of 
50 km/h, which of the following is the 
feedback element for the driver ? 

(a) Clutch (6) Eyes 

(c) Needle of the speedometer 

(d) Steering wheel 

(e) None of the above 

25.11. The initial response when tne output is 
not equal to input is called 

(а) Transient response 

(б) Error response 

(c) Dynamic response 

(d) Either of the above 

25.12. A control system working under un¬ 
known random actions is called. 

(а) computer control system 

(б) digital data system 

(c) stochastic control system 

(d) adaptive control system 

25.13. An automatic toaster is a.loop con¬ 

trol system. 

(a) open (b) closed 

(c) partially closed 

(d) any of the above 

25.14. Any extern ally introduced signal af¬ 
fecting the controlled output is called a 
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(a) feedback ( 6 ) stimulus 

(c) signal ( d) gain control 

25.15. A closed loop system is distinguished 
from open loop system by which of the 
following ? 

(а) Servomechanism 

( б ) Feedback 

(c) Output pattern 

(d) Input pattern 

25.16. ... ... is a part of the human temperature 
control system. 

(а) Digestive system 

( б ) Perspiration system 

(c) Ear ( d ) Leg movement 

25.17. By which of the following the control 
action is determined when a man walks 
along a path ? 

(a) Brain ( 6 ) Hands 

(c) Legs (d) Eyes 

25.18.is a closed loop system. 

(a) Auto-pilot for an aircraft 

(b) Direct current generator 

(c) Car starter 

(d) Electric switch 

25.19. Which of the following devices are com¬ 
monly used as error detectors in instru¬ 
ments ? 

(a) Vemistats ( 6 ) Microsyns 

(c) Resolvers (d) Any of the above 

25.20. Which of the following should be done 
to make an unstable system stable ? 

(а) The gain of the system should be 
decreased 

( б ) The gain of the system should be 
increased 

(c) The number of poles to the loop 
transfer function should be increased 

(d) The number of zeros to the loop 
transfer function should be in¬ 
creased 

25.21. ... ... increases the steady state accuracy, 
(a) Integrator ( 6 ) Differentiator 

(c) Phase lead compensator 

(d) Phase lag compensator 

25.22. A.C. servomotor resembles. 

(а) two phase induction motor 

( б ) Three phase induction motor 


(c) direct current series motor 

(d) universal motor. 

25.23. As a result of introduction of negative 
feedback which of the following will not 
decrease ? 

(a) Band width (6) Overall gain 

(c) Distortion (d) Instability 

25.24. Regenerative feedback implies feed¬ 
back with 

(a) oscillations ( b ) step input 

(c) negative sign (d) positive sign 

25.25. The output of a feedback control system 
must be a function of 

(а) reference and output 

( б ) reference and input 

(c) input and feedback signal 

(d) output and feedback signal 

25.26.is an open loop control system. 

(а) Ward Leonard control 

( б ) Field controlled D.C. motor 

(c) Stroboscope 

(d) Metadyne 

25.27. A control system with excessive noise, 
is likely to suffer from 

(а) saturation in amplifying stages 

( б ) loss of gain 

(c) vibrations (d) oscillations 

25.28. Zero initial condition for a system means 

(а) input reference signal is zero 

( б ) zero stored energy 

(c) no initial movement of moving 
parts 

(i d ) system is at rest and no energy is 
stored in any of its components 

25.29. Transfer function of a system is used to 
calculate which of the following ? 

(а) The order of the system 

( б ) The time constant 

(c) The output for any given input 

(d) The steady state gain 

25.30. The band width, in a feedback amplifier, 

(а) remains unaffected 

( б ) decrease^ by the same amount as 
the gain increase 

<c) increases by the same amount as 
the gain decrease 
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(d) decreases by the same amount as 
the gain decrease 

25.31. On which of the following factors does 
the sensitivity of a closed loop system 
to gain changes and load disturbances 
depend ? 

(a) Frequency ( b ) Loop gain 

(c) Forward gain ( d ) All of the above 

25.32. The transient response, with feedback 
system, 

(a) rises slowly ( 6 ) rises quickly 
(c) decays slowly (d) decays quickly 

25.33. The second derivative input signals 
modify which of the following ? 

(a) The time constant of the system 

(b) Damping of the system 

(c) The gain of the system 

{d) The time constant and suppress the 
oscillations 

(e) None of the above 

25.34. Which of the following statements is 
correct for any closed loop system ? 

(а) All the co-efficients can have zero 
value 

( б ) All the co-efficients are always non¬ 
zero 

(c) Only one of the static error co-effi¬ 
cients has a finite non-zero value 

( d ) None of the above 

25.35. Which of the following statements is 
correct for a system with gain margin 
close to unity or a phase margin close 
to zero ? 

(а) The system is relatively stable 

( б ) The system is highly stable 

(c) The system is highly oscillatory 

(d) None of the above 

25.36. Due to which of the following reasons 
excessive bond width in control sys¬ 
tems should be avoided ? 

(a) It leads to slow speed of response 

(b) It leads to low relative stability 

(c) Noise is proportional to band width 

(d) None of the above 

25.37. In a stable control system backlash can 
cause which of the following ? 

(a) Under damping 

(b) Overdamping 
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(c) Poor stability at reduced values of 
open loop gain 

(d) Low-level oscillations 

25.38. In an automatic control system which 
of the following elements is not used ? 

(a) Error detector 

(b) Final control element 

(c) Sensor ( d ) Oscillator 

25.39. In a control system the output of the 
controller is given to 

(a) final control element 

(b) amplifier 

(c) comparator ( d ) sensor 

(e) none of the above 

25.40. A controller, essentially, is a 

(a) sensor (6) clipper 

(c) comparator ( d ) amplifier 

25.41. Which of the following is the input to a 
controller ? 

(a) Servo signal 

(b) Desired variable value 

(c) Error signal 

(d) Sensed signal 

25.42. The on-off controller is a.system. 

(a) digital ( b) linear 

(c) non-linear {d) discontinuous 

25.43. The capacitance, in force-current anal¬ 
ogy, is analogous to 

(a) momentum (b) velocity 

(c) displacement (d) mass 

25.44. The temperature, under thermal and 
electrical system analogy, is considered 
analogous to 

(a) voltage (6) current 

(c) capacitance ( d) charge 

(e) none of the above 

25.45. In electrical-pneumatic system anal¬ 
ogy the current is considered analogous 
to 

(a) velocity ( b ) pressure 

(c) air flow (d) air flow rate 

25.46. In liquid level and electrical system 
analogy, voltage is considered analogous 
to 

(a) head (6) liquid flow 

(c) liquid flow ite 

(d) none of the above 
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25.31. 


25.32. 


25.33. 


25.34. 


25.35. 


25.36. 


25.37. 


id) decreases by the same amount as 
the gain decrease 

On which of the following factors does 
the sensitivity of a closed loop system 
to gain changes and load disturbances 
depend ? 

(a) Frequency (6) Loop gain 

(c) Forward gain ( d) All of the above 
The transient response, with feedback 
system, 

(a) rises slowly (6) rises quickly 

(c) decays slowly (d) decays quickly 
The second derivative input signals 
modify which of the foiiowing ? 

(а) The time constant of the system 

(б) Damping of the system 

(c) The gain of the system 

(d) The time constant and suppress the 
oscillations 

(e) None of the above 

Which of the following statements is 
correct for any closed loop system ? 

(a) All the co-efficients can have zero 
value 

(b) All the co-efficients are always non¬ 
zero 

(c) Only one of the static error co-effi¬ 
cients has a finite non-zero value 

(d) None of the above 

Which of the following statements is 
correct for a system with gain margin 
close to unity or a phase margin close 
to zero ? 

(а) The system is relatively stable 

(б) The system is highly stable 

(c) The system is highly oscillatory 

(d) None of the above 

Due to which of the following reasons 
excessive bond width in control sys¬ 
tems should be avoided ? 

(а) It leads to slow speed of response 

(б) It leads to low relative stability 

(c) Noise is proportional to band width 
(cO None of the above 
In a stable control system backlash can 
cause which of the following ? 

(а) Underdamping 

(б) Overdamping 


(c) Poor stability at reduced values o 
open loop gain 

(d) Low-level oscillations 

25.38. In an automatic control system which 
of the following elements is not used ? 

(а) Error detector 

( б ) Final control element 

(c) Sensor (d) Oscillator 

25.39. In a control system the output of the 
controller is given to 

(a) final control element 

(b) amplifier 

(c) comparator (d) sensor 

(e) none of the above 

25.40. A controller, essentially, is a 

(a) sensor ( 6 ) clipper 

(c) comparator (d) amplifier 

25.41. Which of the following is the input to a 
controller ? 

(а) Servo signal 

( б ) Desired variable value 

(c) Error signal 

(d) Sensed signal 

25.42. The on-off controller is a.system. 

(a) digital ( b) linear 

(c) non-linear (d) discontinuous 

25.43. The capacitance, in force-current anal¬ 
ogy, is analogous to 

(a) momentum ( b ) velocity 

(c) displacement (d) mass 

25.44. The temperature, under thermal and 
electrical system analogy, is considered 
analogous to 

(a) voltage ( 6 ) current 

(c) capacitance (d) charge 

(e) none of the above 

25.45. In electrical-pneumatic system anal¬ 
ogy the current is considered analogous 
to 

(a) velocity ( 6 ) pressure 

(c) air flow (d) air flow rate 


25.46. In liquid level and electrical system 
analogy, voltage is considered analogous 
to 

(a) head ( b ) liquid flow 

(c) liquid flow ate 

(d) none of the above 

Downloaded From : www.EasyEngmeermg.net 




Downloaded From : www.EasyEngineering.net 


CONTROL 

25.47. 

25.48. 

25.49. 


25.50. 

25.51. 

25.52. 

25.53. 

25.54. 


25.55. 


SYSTEMS 

The viscous friction co-efficient, in 
force-voltage analogy, is analogous to 

(a) charge (b) resistance 

(c) reciprocal of inductance 

(d) reciprocal of conductance 

(e) none of the above 

In force-voltage analogy, velocity is 
analogous to 

(a) current ( 6 ) charge 

(c) inductance ( d ) capacitance 

In thermal-electrical analogy charge is 
considered analogous to 

(a) heat flow 

(b) reciprocal of heat flow 

(c) reciprocal of temperature 

( d ) temperature 

(e) none of the above 

Mass, in force-voltage analogy, is 
analogous to 

(a) charge (6) current 

(c) inductance (d) resistance 

The transient response of a system is 
mainly due to 

(a) inertia forces (b) internal forces 
(c) stored energy ( d ) friction 

.signal will become zero when the 

feedback signal and reference signs are 
equal. 

(a) Input ( 6 ) Actuating 

(c) Feedback (d) Reference 

A signal other than the reference input 
that tends to affect the value of control¬ 
led variable is known as. 

(a) disturbance ( 6 ) command 

(c) control element 
{d) reference input 

T«he transfer function is applicable to 
which of the following ? 

(а) Linear and time-in variant systems 

( б ) Linear and time-variajnt systems 

(c) Linear systems 

(d) Non-linear systems 

(e) None of the above 

From which of the following transfer 
function can be obtained ? 

(а) Signal flow graph 

( б ) Analogous table 
(c) Output-input tfatio 


25.13 

{d) Standard block system 
(e) None of the above 

25.56 .is the reference input minus the 

primary feedback. 

(а) Manipulated variable 

( б ) Zero sequence 

(c) Actuating signal 

(d) Primary feedback 

25.57. The term backlash is associated with 

(a) servomotors 

(b) induction relays 

(c) gear trains 

(d) any of the above 

25.58. With feedback.increases. 

(a) system stability 

(b) sensitivity 

(c) gain 

(d) effects of disturbing signals 

25.59. By which of the following the system 
response can be tested better ? 

(a) Ramp input signal 

(b) Sinusoidal input signal / 

(c) Unit impulse input signa^ 

(d) Exponentially decaying signal 

25.60. In a system zero initial condition means 
that 

(a) The system is at rest and no energy 
is stored in any of its components 

(b) The system is working with zero 
stored energy 

(c) The system is working with zero 
reference signal 

25.61. In a system low friction co-efficient 
facilitates 

(a) reduced velocity lag error 

(b) increased velocity lag error 

(c) increased speed of response 

(d) reduced time constant of the system 

25.62. Hydraulic torque transmission system 
x is analog of 

(a) amplidyne set 

(b) resistance-capacitance parallel cir¬ 
cuit 

(c) motor-generator set 

( d ) any of the above 

25.63. Spring constant in force-voltage anal¬ 
ogy is analogous to 

i (a) capacitance 
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25.64. 


25.65. 


25.66. 


25.67. 


25.68. 


25.69. 

25.70. 

25.71. 


25.72. 


( b ) reciprocal of capacitance 

(c) current (d) resistance 

The frequency and time domain are 
related through which of the follow¬ 
ing ? 

(a) Laplace Transform and Fourier 
Integral 

( b ) Laplace Transform 

( c ) Fourier Integral 

(d) Either ( 6 ) or (c) 

An increase in gain, in most systems, 
leads to 

(а) smaller damping ratio 

( б ) larger damping ratio 

(c) constant damping ratio 

(d) none of the above 

Static error co-efficients are used as a 
measure of the effectiveness of closed 

loop systems for specified . input 

signal. 

(a) acceleration ( 6 ) velocity 

(c) position ( d ) all of the above 

A conditionally stable system exhibits 
poor stability at 

(а) low frequencies 

( б ) reduced values of open loop gain 

(c) increased values of open loop gain 

(d) none of the above 

The type 0 system has.at the origin. 

(a) no pole (b) net pole 

(c) simple pole (d) two poles 

( e ) none of the above 

The type 1 system has.at the origin. 

(a) no pole ( b ) net pole 

(c) simple pole (d) two poles 

The type 2 system has.at the origin. 

(a) no net pole ( 6 ) net pole 

(c) simple pole ( d ) two poles 

The position and velocity errors of a 
type-2 system are 

(а) constant, constant 

( б ) constant, infinity 

( c ) zero, constant 

(d) zero, zero 

Velocity error constant of a system is 
measured when the input to the system 

is unit.function. 

(a) parabolic ( b ) ramp 

(c) impulse ( *d) step 


25.73. 


25.74. 


25.75. 


25.76. 


25.77. 


25.78. 


25.79. 


25.80. 


Downloaded 


In case of type -1 system steady state 
acceleration is 

(a) unity ( b ) infinity 

(c) zero {d) 10 

If a step function is applied to the input 
of a system and the output remains 
below a certain level for all the time, 
the system is 

(a) not necessarily stable 

(b) stable 

(c) unstable 

(d) always unstable 

(e) any of the above 

Which of the following is the best 
method for determining the stability 
and transient response ? 

(a) Root locus (6) Bode plot 

(c) Nyquist plot 

(d) None of the above 

Phase margin of a system is used to 
specify which of the following ? 

(а) Frequency response 

( б ) Absolute stability 

(c) Relative stability 

(d) Time response 

Addition of zeros in transfer function 
causes which of the following ? 

(a) Lead-compensation 

(b) Lag-compensation 

(c) Lead-lag compensation 

(d) None of the above 

.technique is not applicable to non¬ 
linear system ? 

(а) Nyquist Criterion 

( б ) Quasi linearization 
(c) Functional analysis 

{d) Phase-plane representation 
In order to increase the damping of a 
badly underdamped system which of 
following compensators may be used ? 
(a) Phase-lead (6) Phase-lag 
(c) Both (a) and ( 6 ) 

{d) Either (a) and ( b ) 

(e) None of the above 

The phase lag produced by transporta¬ 
tion relays 

(a) is independent of frequency 

(b) is inversely proportional to frequency 
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(c) increases linearly with frequency 

( d ) decreases linearly with frequency 

25.81. In a stable control system saturation 
can cause which of the following ? 

(а) Low-level oscillations 

( б ) High-level oscillations 

(c) Conditional stability 

(d) Overdamping 

25.82. Which of the following can be measured 
by the use of a tacho-generator ? 

(a) Acceleration ( 6 ) Speed 

(c) Speed and acceleration 

(d) Displacement 

(e) None of the above 

25.83 .is not a final control element. 

(a) Control valve ( 6 ) Potentiometer 

(c) Electro-pneumatic convertor 

(d) Servomotor 

25.84. Which of the following is the definition 
of proportional band of a controller ? 

(а) The range of air output as measured 
variable varies from maximum to 
minimum 

( б ) The range of measured variables 
from set value 

(c) The range of measured variables 
through which the air output chan¬ 
ges from maximum to minimum 

(d) Any of the above 

(e) None of the above 

25.85. In pneumatic control systems the con¬ 

trol valve used as final control element 
converts. 

(a) pressure signal to electric signal 

(b) pressure signal to position change 

(c) electric signal to pressure signal ^ 
{d) position change to pressure signal 

(e) none of the above 

25.86. Pressure error can be measured by which 
of the following ? 

(а) Differential bellows and strain 
gauge 

( б ) Selsyn 

(c) Strain gauge 

(d) Strain gauge and potentiometer 

25.87. Which of the following devices is used 
for conversion of co-ordinates ? 


(a) Microsyn ( b ) Selsyn 

(c) Synchro-re solver 

(d) Synchro-transformer 

25.88. The effect of error damping is to 

(а) provide larger settling lime 

( б ) delay the response 

(c) reduce steady state error 

(d) any of the above 

(e) none of the above 

25.89.technique gives quick transient 

and stability response 

(a) Root locus ( 6 ) Bode 

(c) Nyquist ( d ) Nichols 

20.90. A phase lag lead network introduces in 
the output 

(а) lag at ^11 frequencies 

( б ) lag at high frequencies and lead at 
low frequencies 

(c) lag at low frequencies and lead at 
high frequencies 

(d) none of the above 

25.91. Which of the following is the non¬ 
linearity caused by servomotor ? 

(a) Static friction ( 6 ) Backlash 

(c) Saturation 

(d) None of the above 

25.92. .... can be extended to systems which 
are time-varying ? 

(а) Bode-Nyquist stability methods 

(б) Transfer functions 

(c) Root locus design 

(d) State model representatives 

25.93. When the initial conditions of a system 
are specified to be zero it implies that 
the system is 

(а) at rest without any energy stored in 
it 

( б ) working normally with reference 
input 

(c) working normally with zero refer¬ 
ence input 

(d) at rest but stores energy 

25.94. Which of the following is an electro¬ 
mechanical device ? 

(a) Induction relay ( 6 ) Thermocouple 

(c) LVDT 

(d) Any of the above 

(e) None of the above 
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25.95. 

25.96. 

25.97. 

25.98. 

25.99. 


24.100. 

25.101. 

25.102. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


A differentiator is usually not a part of 
a control system because it. 

(a) reduces damping 

(b) reduces the gain margin 

(c) increases input noise 

(d) increases error 

If the gain of the critical damped sys¬ 
tem is increased it will behave as 
(a) oscillatory ( 6 ) critically damped 

(c) overdamped ( b ) underdamped 

( e ) none of the above 

In a control system integral error com¬ 
pensation .steady state error 

(a) increases ( 6 ) minimizes 

(c) does not have any effect on 

(d) any of the above 

With feed back.reduces. 

(a) system stability 

(b) system gain 

(c) system stability and gain 

(d) none of the above 

An amplidyne can give which of the 
following characteristics ? 

(а) Constant current 

( б ) Constant voltage 

(c) Constant current as well as constant 
voltage 

(d) Constant current, constant voltage 
and constant power 

(e) None of the above 

Which of the following can be measured 
by LVDT? 

(a) Displacement (b) Velocity 

(c) Acceleration (of) Any of the above 

. directly converts temperature into 

voltage. 

(a) Thermocouple ( 6 ) Potentiometer 

(c) Gear train (d) LVDT 

(e) None of the above 
The transfer function technique is con¬ 
sidered as inadequate under which of 
the following conditions ? 

(а) Systems having complexities and 
non-linearities 

( б ) Systems having stability problems 
(c) Systems having multiple input dis¬ 
turbances 

{d) All of the above 


25.103. Which of the following is the output of 
a thermocouple ? 

(a) Alternating current 

(b) Direct current 

(c) A.C. voltage 

(d) D.C. voltage 

(e) None of the above 

25.104. A.C. servomotor is basically a. 

(a) universal motor 

(b) single phase induction motor 

(c) two phase induction motor 

(d) three phase induction motor 

25.105. The first order control system, which is 
well designed, has a 

(а) small bandwidth 

( б ) negative time constant 

(c) large negative transfer function 
pole 

(d) none of the above 

25.106. Which of the following is exhibited by 
Root locus diagrams ? 

(a) The poles of the transfer function 
for a set of parameter values 

( b ) The bandwidth of the system 

(c) The response of a system to a step 
input 

(d) The frequency response of a system 
' (e) None of the above 

25.107. The value of the resonant peak, in 
second order control system, will be 
unity when the damping ratio has a 
value of 

(a) V2 - ( 6 ) unity 


(c) V 2 


(d) zero 


(e) none of the above 

25.108. Proportional band of a controller is ex¬ 
pressed as 

(а) percentage 

(б) range of the control variable 

(c) ratio ( d) gain 

(e) none of the above 

25.109. When derivative action is included in a 

proportional controller, the proportion¬ 
al band. 

(a) increases (6) decreases 

(c) remains unaffected 

(d) none of the above 
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25.110. In case of an on-off controller the 25.117. 
proportional band is 

(a) infinity ( 6 ) 100 percent 

(c) zero (d) none of the above 

25.111. A limit switch is used to 

(а) limit the motion of a drive 

( б ) limit the value of a signal 

(c) convert electrical signal to mechani¬ 
cal signal 

(d) convert mechanical motion to electri- 25.118. 

cal signal 

(e) none of the above 

25.112. The lead compensator in a feedback 
system 

(а) increases the system error constant 
to some extent 

( б ) speeds up the transient response 

(c) increases the margin of stability 

(d) all of the above 

25.113. Bandwidth is used as a means of specify¬ 
ing performance of a control system 35.119. 
related to 

(а) the constant gain 

( б ) the speed of response 

(c) relative stability of the system 

(d) all of the above 

25.114.is not a form of non-linearity for a 

control system 25.120. 

(а) Square-law transfer characteristics 

( б ) Backlash 

(c) Saturation 

(d) All of the above 

(e) None of the above 

25.115. A servomotor entails which of the fol- 25.121. 
lowing disadvantages ? 

(a) Can handle only light loads 

(b) Low reliability 

(c) Low starting torque 

(d) Developaeommutation problems 

25.116. Which of the following is provided by a 
selsyn servo system ? 

(a) Mechanical gearing between two 

shafts 25.122. 

(b) Electrical gearing between two shafts 

(c) Over-voltage protection 

(d) None of the above 

(e) All of the above 


In distributed systems the ‘transporta¬ 
tion delays 5 are detrimental to stability 
due to which of the following reasons ? 

(а) They produce transients 

( б ) They produce attenuation 

(c) They produce a phase lag 

(d) They produce both attenuation and 
phase lag 

(e) None of the above 

For root locus technique which of the 
following statements is incorrect ? 

(a) It provides the pattern of movement 
of closed-loop poles when open loop 
gain varies 

(b) It is used to obtain closed loop pole 
configuration from open loop poles 
and zeros 

(c) It is most useful for single-input 
single output systems 

(d) None of the above 

Diodes are connected in series with 
A.C. source of the magnetic amplifier 
mainly to 

(a) act as rectifier (6) act as filter 

(c) avoid desaturation of core due to 
negative half cycle 

(d) any of the above 

The steady state acceleration error for 

a type 1 system is 

(a) zero (b) unity 

(c) between zero and unity 

(d) infinite 

(e) none of the above 

Type 1 system under parabolic input 
will have which of the following ? 

(a) Parabolic output 

(b) Actuating signal which will decrease 
with time 

(c) Actuating signal which will increase 
with time 

(d) Any of the above 

( e ) None of the above 

A servomechanism with unit step input 

can be categorised as.system 

(a) type 0 (b) type 1 

(c) type 2 (d) type 3 

(e) none of the above 
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25.123. A transfer function maybe best defined 
as 

(a) ratio of the Laplace transform of the 
system response to the Laplace 
transform of the system input func¬ 
tion 

(b ) ratio of system response to the sys¬ 
tem input function 

(c) ratio of system input function to 
system response 

(d) Laplace transform of system response 
minus the Laplace transform of the 
system input function 

(e) none of the above 

25.124.is the input which is established or 

varied by some means external to and 
independent of the feed back control 
■ system 

(a) Command ( 6 ) Signal 

(c) Disturbance 

(d) Modulated signal 

25.125. Analysis of control systems by Laplace 
transform technique is not possible for 

(а) discrete-time systems 

( б ) linear systems 

(c) time-invariant systems 

{d) unstable continuous-time systems 

(e) none of the above 

25.126. A zero order hold is used with sampled 
data system to 

(a) make it critically damped 

( b ) reconstruct the sampled signal 

(c) improve the stability of the system 

(d) convert it to a continuous system 

(e) none of the above 

25.127. In several applications hydraulic motors 
are preferred to electric motors because 

(a) they are light in weight 

(b) they do not depend on electric power 
supply 

(c) they are cheaper 

(d) they have a faster response 

25.128. The servosystem with step acceleration 

input is a.system. 

(a) type 3 (b) type 2 

(c) type 1 (d) type 0 

25.129.is preferred when a control signal 

is required to have a power level higher 


than the capability of linear electronic 
amplifiers. 

(a) A.C. tachometer 

(b) A.C. servomotor 

(c) Amplidyne {d) any of the above 

25.130. A servomechanism is a feedback con¬ 
trol system required to control 

(a) servoamplifiers and drives 

(b) position 

(c) some derivative of position 

(d) either ( 6 ) or (c) 

25.131. Which of the following is an essential 
feature of servomechanism ? 

(а) A closed loop system 

( б ) A power amplifying stage 

(c) Ability to control position, velocity 
or acceleration of the system 

(d) All of the above 

25.132. Which of the following is an advantage 
of Laplace transform method ? 

(a) It gives solution in frequency domain 
only 

( b ) It gives total solution more sys¬ 
tematically 

(c) Initial conditions are incorporated 
in the very first step 

(d) Both (6) and (c) 

(e) None of the above 

25.133. The transfer function of a system is 
used calculate which of the following ? 

(а) The output for a given inputs 

( б ) Time constant 

(c) Type of the system 

(d) None of the above 

25.134. A signal flow graph is.representation 

of the relationships between the vari¬ 
ables of a set of linear algebraic equa¬ 
tions. 

(a) modified block ( 6 ) graphical 

(c) CRT (d) any of the above 

25.135. Which of the following is the basic 
property of signal flow graph ? 

(а) Nodes are arranged from left to 
right in a sequence 

( б ) The algebraic equations must be in 
the form of cause and effect relation¬ 
ship 

(c) It is applicable to linear system only 
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(< d ) Signals travel along branches only 
m the marked direction and is mul¬ 
tiplied by the gain of the branch 
(e) All of the above 

25.136. In a control system an error detector 

(a) detects the error and signal out an 
alarm 

( b ) detects the errors of the system 

(c) produces an error signal as actual 
difference of value and desired 
value of output 

(d) any of the above 

( e) none of the above 

25.137. ‘Selsyn’ is the trade name given to 
(a) spinning top ( 6 ) synchros 

( c ) rotating capacitor 

(d) rotating transformer 

25.138. LVDTisan.. 

(а) electro dynamic device 

( б ) electro-mechanical device 

(c) electromagnetic device 

(d) electrostatic device 

25.139. Which of the following devices is used to 
indicate angular position of an aircraft ? 

(a) Rotating transformer 

( b ) Rotating capacitor 

(c) Rotatory differential transformer 

(d) Any of the above 

(e) None of the above 

25.140. The operational amplifier is used for 
which of the following ? 

(а) Integration only 

( б ) Addition only 

(c) Amplification only 

(d) All common mathematical opera¬ 
tions 


25.143. 


25.144. 


24.145. 


25.146. 


25.147. 


25.141. The operational amplifier used in ser¬ 

vo amplification should have gain as 
(a) zero (6) low 

(c) very low (d) very high 

25.142. By the used of which of the following 25.148. 
high power amplification is achieved ? 

(а) D.C. amplifier 

( б ) Amplidyne 

(c) A.C. amplifier 25.149. 

(d) Silicon controlled rectifier 

(e) None pfthe above 


In amplidyne the compensating wind¬ 
ing is used to 

(а) compensate for the power loss due 
to amplification 

( б ) compensate the effect of magnetic 
field set up by the load current 

(c) increase the control current 
{d\ increase the value of control voltage 
When synchro transmitter shaft is dis¬ 
connected from the driving shaft, it will 
run as 

(а) burnout machine 

( б ) transmitter 

(c) standstill component 

(d) receiver 

Transfer function technique is inade¬ 
quate when the system has 

(а) stability problem and needs com¬ 
pensation 

( б ) multiple input disturbances, com¬ 
plexity and non-linearities 

(c) difficult trial and error solution and 
its optimal solution is desired 

(d) desired solution directly in time 
domain along with information for 
its internal states 

(e) All of the above 

A signal flow graph is a 

(a) topological representation of a set of 
differential equations 

(b) polar graph 

(c) log log graph 

(d) special type of graph to analyse 
modern control systems 

The value of a node in the signal flow 
graph is equal to the 

(а) sum of all the incoming nodes 

( б ) difference of incoming and outgoing 
nodes 

(c) product of all the incoming nodes 

(d) none of the above 
Regenerative feedback means the out¬ 
put is feedback with 

(a) positive sign ( 6 ) regenerator 
(c) oscillation (d) negative sign 

In hydraulic system power is trans¬ 
mitted by 

(a) gears {b ) belts 
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25.150. 


25.151. 


25.152. 


25.153. 


25.154. 


25.155. 


25.156. 


25.157. 


(c) fluid under pressure 

(d) pistons 

( e ) none of the aoove 

By which of the following is the order 
of the system determined ? 

(а) Number of multiplying terms in the 
denominator 

( б ) Number of poles at the origin 

(c) Number of stable roots of the sys¬ 
tem 

{d) None of the above 

When damping factor decreases the per 

unit overshoot 

(a) increases (6) decreases 

(c) remains unaffected 

( d ) any of the above 

In order to decrease the time constant 

of the control system its.should be 

decreased. 

(а) viscous damping 

( б ) steady state error 

(c) inertia 

(d) damping constant 

The maximum overshoot of a second 
order system can be increased by 

(a) decreasing damping frequency 

( b ) increasing natural frequency 

(c) increasing damping factor 

(d) any of the above 

Through which of the following the fre¬ 
quency domain analysis can be related 
to time domain analysis ? 

(а) Laplace transformation 

( б ) Fourier transformation 

(c) Both (a) and ( b ) 

(d) None of the above 

The servomechanisms with step dis¬ 
placement input is 
(a) type 3 system ( 6 ) type 2 system 
(c) type 1 system (d) type 0 system 
Phase margin is the amount of angle to 
make the system 
(a) exponential ( 6 ) stable 
( c ) unstable ( 6 ) oscillatory 

Gain margin is the factor by which the 
gain of the system is increased to make 
it 

(a) damped ( b ) oscillatory 

(c) stable (d) unstable 


25.158. When the gain margin is positive and 
the phase margin is negative, the sys¬ 
tem is 

(a) stable ( 6 ) unstable 

(c) probalistic ( d ) underterministic 

25.159. Which of the following is an advantage 
of Bode plot ? 

(а) Gain and phase margin is obtained 
easily 

( б ) It is easy to read and suitable for hit 
and trial design 

(c) It can directly interpolate experi¬ 
mental data 

(d) The function of multiplication and 
devision becomes addition and sub¬ 
traction which are easy for graphi¬ 
cal interpolation 

(e) All of the above 

25.160. The magnitude of system output, for 
damping zero factor, will be 

(а) exponentially decaying 

( б ) zero 

(c) unity (d) infinite 

25.161. The Bode plot is used to analyse which 
of the following ? 

(а) Minimum phase network 

( б ) Lag lead network 

(c) Maximum phase network 

(d) All phase network 

25.162. The root locus plot is symmetrical about 
the real axis because 

(а) complex roots occur is conjugate 
pairs 

( б ) all roots occur in pairs 

(c) roots occur simultaneously in left 
hand and right hand plane 

(d) all of the above 

25.163. The break away points of the root locus 
occur at 

(а) imaginary axis 

( б ) real axis 

(c) multiple roots of characteristic equa¬ 
tion 

(d) none of the above 

25.164. The proportional error device has out¬ 
put as function of 

(а) division of error 

( б ) derivation of error 
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25.165. 


25.166. 


25.167. 


25.168. 


25.169. 


25.170. 


25.171. 


25.172. 


25.173. 


(c) integral of error 
(i d) error 

(e) none of the above 

System damping can be increased by 25.174. 
using compensator having pair of com¬ 
plex roots as 

(a) phase lag (6) phase lead 

(c) phase lag lead ( d ) any of the above 

Which of the following is the non-linear 25.175. 
system ? 

(а) Temperature controlled smelting 
furnace 

( б ) Servomotors working in saturation 

(c) Automatic voltage stabilizers 25.176. 

( d ) All of the above 

Non-linearities can be 
(a) incidental (6) intentional 

(c) either incidental or intentional 

(d) linearised 

.is the non-linearity caused by ser¬ 
vomotor. 

(a) Dead space ( b ) Saturation 

(c) Backlash ( d ) Static friction 

For a D.C. generator input could be in 
the form of 

(а) d.c. voltage induced 

( б ) d.c. current 

(c) rotational speed 

(d) any of the above 
A servomechanism usually consist of 

(а) error actuated signal 

( б ) power amplifier 

(c) mechanical output 

(d) all of the above 

Which of the following forces resists 
motion ? 

(a) Spring force (6) Damping force 
(c) Inertia force ( d ) All of the above 

A unit step function on integration 
results in a 

(a) unit ramp function 

(b) unit step function 

(c) unit doublet 

(d) unit parabolic function 
In Laplace and Fourier integral 

(a) only frequency domain is related 

(b) only time domain is related 


(c) frequency and time domain are re¬ 
lated 

(d) none of the above 

For system gain to be zero, the roots 
will move towards 
(a) origin (b) zeros 

(c) poles 

(d) none of the above 
In root locus plot different roots have 
the same 

(a) phase ( b ) gain 

(c) both (a) and ( 6 ) 

(d) gain margin and phase margin 
For root loci which of the following are 
the starting points ? 

(а) Open loop zeros 

( б ) Closed loop zeros 

(c) Closed loop poles 

(d) Open loop poles 

At which of the following root loci will 
end ? 

(а) Open loop zeros 

( б ) Closed loop zeros 

(c) Closed loop poles 

(d) Open loop poles 

25.178.will increase the steady state ac¬ 

curacy ? 

(a) Integrator (b) Differentiator 

(c) Phase lag compensator 

(d) Phase lead compensator 

25.179. Nyquist criterion is used to find which 
of the following ? 

(а) Absolute stability 

( б ) Relative stability 

(c) Both (a) and ( 6 ) 

(d) None of the above 

25.180. If the bandwidth of a system is in¬ 
creased the response will 

(а) become facter 

( б ) become slower 

(c) remain unaffected 

25.181. In a control application the choice of 
error detector depends on 

(а) the accuracy desired 

( б ) the type of control system 

(c) the nature of controlled variable 

(d) all of the above 
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25.182. A synchros is 

(а) a frequency transformer 

( б ) an electronic rectifier 

(c) an electromagnetic transducer 

(d) none of the above 

25.183. A stepper motor is a ...... device. 

(a) electro-mechanical 

( b ) hydraulic 

(c) pneumatic (d) any of the above 

25.184. The input to a stepper motor is in the 
form of 

(a) viscous damping force 

(b) electric pulses 

(c) frictional force 

(d) mechanical interia 

25.185. The output of a stepper motor is in the 
form of 

(а) linear movements 

( б ) angular movements 
(c) either (a) or ( b ) 

{d) none of the above 

25.186. * Synchro s’ are commonly used as trans¬ 
mitters of 

(a) graphical data ( 6 ) angular data 

(e) digital data (d) computed data 
(e) none of the above 

25.187. If the damping factor of a control sys¬ 
tem is unity it will give 

(a) no response 

(b) critically damped response 

(c) undamped response 

(d) oscillatory response 

25.188. In radars the control system used is 
(a) relay control system 

(£>) discrete data control system 
(c) continuous control system 
(cO none of the above 

25.189. Regenerative feedback implies feed¬ 
back with 

(a) oscillations ( 6 ) step input 

(c) positive sign (d) negative sign 

25.190. The system response can be tested bet¬ 
ter with 

(a) exponentially decaying signal 

( b ) unit impulse input signal 

(c) sinusoidal input signal 
(cO ramp input signal 


25.191. The damping ratio of the system having 
only two poles, each having a negative 
real part, will be 


(a) non-zero 


(£>) zero 


25.192. 


25.193. 


25.194. 


24.195. 


25.196. 


25.197. 


(c) infinitely high 

(d) any of the above 

The gain margin is the factor by which 
the gain of the system can be increased 
to make it 

(a) stable (b) unstable 

(c) damped (d) oscillatory 

The overshoot is an indication of 

(а) resonance between output and input 

(б) no error between the actual and 
desired output 

(c) least error between the actual and 
desired output 

(d) largest error between the actual 
and desired output 

Backlash, in a stable control system, 
can cause which of the following ? 

(а) Low level oscillations 

(б) Overdamping 

(c) Underdamping 

(d) All of the above 

The transfer function of a system can 
be used to evaluate 

(а) feedback 

(б) type of system 

(c) time constant 

(d) output for a given input 

(e) none of the above 

The effect of error rate damping is 

(а) faster response and larger settling 
time 

(б) faster response and reduction in 
steady state error 

(c) faster response 

(d) to reduce steady state error 

(e) none of the above 

By which of the following the order of 
the system can be determined ? 

(а) Number of poles at the origin 

(б) The number of stable roots of the 
system 

(c) Either of the above 

(d) None of the above 
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25.198. The frequency range is specified by 
which of the following ? 

(a) Peak value (6) Resonance 

(c) Band width 

( d ) Modulation index 

25.199. The type 2 system has which of the 
following? 

(a) Zero position error and constant 
velocity error 

( b ) Zero position error as well as velocity 
error 

(c) Constant position error and zero 
velocity error 

(< d ) Constant position error as well as 
velocity error 

25.200. Which of the following happens as the 
type of a system increases ? 

(а) Stability problem decreases 

(б) Steady state error for a particular 
function dscreases 

(c) Steady state error for a particular 
function increases 

(d) Any of the above 

(e) None of the above 

25.201. The input to a controller is always. 

signal. 

(a) an error (6) a sensed 

(c) a servo ( d ) any of the above 

25.202 Which of the following statements is 
incorrect for root locus technique ? 

(а) It is most useful for single-input 
single-output systems 

(б) It provides the pattern of movement 
of closed loop holes when open loop 
gain varies 

(c) It is used to obtain closed-loop pole 
configuration from open-loop poles 
and zeros 

(<i) None of the above 

25.203. The root loci of a system has three 
asymptotes ; the system can have 

(а) five poles and two zeros 

(б) four poles and one zero 

(c) three poles 

(d) all of the above 

25.204. For servomechanisms which of the fol¬ 
lowing statements is incorrect ? 


25.23 

(а) a motor may be added to convert a 
regulator into a servo 

(б) steady-state accuracy of a servo is 
better than that of a regulator 

(c) a servo with better frequency 
response need not be stable 

(d) some servo need not be stable since 
they are intended for use with steady 
signals 

25.205. Which of the following is the output of 
a synchor error detector ? 

(а) Suppressed-carrier modulated sig¬ 
nal 

(б) Voltage signal of the receiver 

(c) Voltage signal of constant ampli¬ 
tude 

(d) Angular displacement of control- 
transformer rotor 

25.206. is the serious disadvantage of 

electronic control systems. 

(a) Temperature sensitivenes 

( b ) Low reliability 

(c) Operational difficulty 

(d) None of the above 

25.207. In pnenmatic systems time lags are 
obtained by 

(а) ppeumatic-electric elements 

(б) making the air to fill a volume after 
passing through a restriction 

(c) elongating the path of air 

(d) any of the above 

25.208. In pneumatic control systems compen¬ 
sation is provided by which of the fol¬ 
lowing ? 

(a) Bimetal strips (b) Extension tubes 

(c) Flapper-nozzle mechanism 

id) Restriction-volume combinations 

25.209. The compressed air, in pneumatic con¬ 
trol systems, is not 

(a) lubricated (6) filtered 

(c) regulated (d) all of the above 

25.210. As compared to electronic systems which 
of the following is not an advantage of 
pneumatic control system ? 

(а) More reliability 

(б) Less minitenance requirement 

(c) No fire hazards 

(d) All of the above 
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25.211. 

25.212. 

25.213. 


25.214. 

25.215. 

25.216. 

25.217. 

25.218. 

25.219. 
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A pneumatic amplifier. 

(a) amplifies flow 

(b) amplifies differential pressure 

(c) amplifies change in air volume 

(d) any of the above 

In pneumatic instrumentation systems 
the pressure of compressed air used is 
around 

(a) 1 bar (6) 1.4 bar 

(c) 2.5 bar ( d ) 5.5 bar 

In a system of controlling oil flow to 
burner which of the following elements 
is not required ? 

(а) Tachometer 

(б) Turbine flowmeter 

(c) D.C. shunt mo ter 

(d) Proportional controller 

In pneumatic systems the medium used 
is 

(a) air (6) liquid 

(c) hydrogen (d) oil 

In pneumetic systems a restriction- 
volume combination is equivalent to 
(a) R.L. circuit ( b ) R.C, circuit 

(c) rectifier ( d ) resonant circuit 

(e) none of the above 

In a compressed air plant which of the 
following is not a function of the reser- 
vior ? 

(a) Cooling of air (b) Filtration of air 

(c) Storage of air 

(d) Removal of pressure ripples 

In pneumatic-electrical analogy, the 
electrical resistance is analogous to 

(а) filled helical tube 

(б) volume of air 

(c) restriction to flow 

(d) none of the above 

.cannot be the final control element. 

(a) Potentiometer 

(b) Electro-pneumatic converter 

(c) Servomotor 

(d) All of the above 

The state-variable representation is 
preferred 

(a) to increase the sensitivity to the 
plant-parameter variations 


(6) to reduce the sensitivity to the plant 
parameter variations 

(c) to make a plant simple and to con¬ 
trol the transient response 

(d) none of the above 

25.220. Zero percent j^orportional band means 

(а) it is an on-off controller 

(б) no change in control output 

(c) no phange in measured Variable 

(d) any of the above 

(e) none of the above 

25.221. Bimetallic thermostat is.controller. 

(a) on-off (6) zero-term 

(c) one-term (d) two-term 

25.222. In pneumatic control system the output 
of a flapper-nozzle mechanism cor¬ 
responds to 

(a) voltage-range (6) flow-range 

(c) pressure-range 

(d) mechanical measurement 

(e) none of the above 

25.223. For a two-phase servomotor which of 
the following statements is incorrect ? 

(а) The applied voltages are seldom 
balanced 

(б) The resistance of the rotor is low 
(c) Torque-speed characteristics are 

linear 

{d) The rotor diameter is small 

25.224. In a control system noise can be avoided 
by which of the following metKbds ? 

(а) Attenuating those frequencies at 
which external signals get coupled 
into the system 

(б) Reducing the bandwidth 

(c) Both (a) and (6) 

(d) None of the above 


25.225. Electrical capacitance in pneumatic sys¬ 
tems is analogous to 

(а) volume of air 

(б) restriction to flow 

(c) filled helical tube 

(d) none of the above 

25.226. Which of the following is a disadvantage 
of a series D.C. motor ? 

(a) It draws large currents 

(fe) It requiresliigh starting torque 
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(c) its speed regulation is poor 

(d) all of the above 

25.227. A servo system will become absolutely 
unstable if 

(a) feedback path becomes zero 

(b) there is no feedback path 

(c) there is zero feedback 

( d ) there is no stable component 

25.228. A controller is basically a. 

(a) sensor (6) comparator 

(c) amplifier (d) clipper 

25.229. 'Drag type* motors generally have. 

(a) low inertia ( b ) high inertia 

(c) low starting torque 

(d) low damping 

25.230.can measure pressure error. 

(a) Selsyn (6) Potentiometer 

(c) Strain gauge {d) Any of the above 

25.231. The ^igen values of a linear system are 
the locations of 

(а) finite poles 

(б) poles of the system 
(c) zeros of the system 
(cO none of the above 

25.232. A gyroscope works on which of the fol¬ 
lowing principles ? 

(а) Law of conservation of momentum 

(б) Law of conservation of energy 
(c) First law of thermodynamics 
{d) Newton’s third law of motion 

(e) None of the above 

25.233. A.C. servomotor, as compared to a 

standard induction motor has.iner¬ 
tia and.starting torque. 

(a) low, low (6) high, high 

(c) low, high (d) high, low 

25.234. By which of the following methods the 
steady state error of a control system 
can be reduced ? 

(a) by increasing time constant of the 
system 

(b) by increasing gain constant of the 
system 

(c) by increasing both time constant 
and gain constant 

(d) none of the above 

25.235. In the case of a second order differential 
equation when the damping ratio is 1, 


25.236. 


25.237. 


25.238. 


25.239. 


25.240. 


25.241. 


25.242. 


25.243. 


(а) poles will be positive 

(б) poles will be unequal 

(c) poles will be complex conjugate 

(d) poles will be equal, negative and 
real 

By which of the following methods steady 
state error can be minimized ? 

(a) By increasing system gain constant 
(h) By decreasing damped frequency 
(c) By increasing damped frequency 
(<f) By decreasing natural frequency 
Magnetic amplifiers are used to amplify 
which of the following ? 

(a) Current (6) Voltage 

(c) Power (d) All of the above 

By use of which of the following the sys¬ 
tem damping factor can be reduced ? 

(a) Integral feedback 

( b) Rate feedback 

(c) Positive feedback 

(d) Negative feedback 

In a system nonlinearity may be intro¬ 
duced by which of the following ? 

(a) Saturation effects in amplifiers 

( b ) End positions in detectors 

(c) Backlash in gears 

(d) Any of the above 

By the use of which of the following the 
power amplification of a magnetic 
amplifier is increased ? 

(а) Resistive load circuit 

(б) Direct current in control winding 

(c) Negative feedback 

(d) All of the above 

The time required for the response to 
reach half the final value for the first 
time is 

(a) decay time (b) pick-up time 
(c) delay time (cO rise time 
In control systems stepper motors can 
be used for 

(a) tape drives ( b ) capstan driyes 

(c) computers 

(d) none of the above 

Which of the following is the main ad¬ 
vantage of hydraulic system over electri¬ 
cal system ? 

(a) No cooling problems 
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J25.244. 

25.245. 


25.246. 


25.247. 


25.248. 


25.249. 


25.250. 


(6) Easy balancing 

(c) Smaller size 

(d) No danger of electric shock 

.use hydraulic control devices ? 

(a) Machine tools ( b ) Ships 

(c) Automobiles ( d ) All of the above 
A reduction gear is used to increase the 

(a) torque developed 

(b) viscous friction 

(c) moment of inertia 

(d) driven shaft speed 

.is prefered for self-balancing instru¬ 
ments ? 

(a) A.C. induction motor 

(b) D.C. servomotor 

(c) A.C. servomotor 

(d) D.C. series motor 

The velocity lag error in the type-1 sys¬ 
tem is 

(а) independent of gain constant 

(б) directly proportional to gain con¬ 
stant 

(c) inversely proportional to band width 
of the system 

(d) inversely proprotional to gain cons¬ 
tant 

A ‘drag cup* type motor has which of the 
following ? 

(a) Low inertia 

(b) Low starting torque 

( c) Low'power rating 

(d) Low damping 

(e) None of the above 

In a control system, noise can be 
reduced by. 

(a) reducing bandwidth and attenuat¬ 
ing frequencies at which external 
signal gets coupled to the system 

(b) increasing bandwidth 

(c) reducing bandwidth 

(d) none of the above 

Which of the following is the setting 
time in the second order linear system ? 

(a) 4 times the time constant 

(b) 2 times the time constant 

(c) of time constant 

(d) 4 of time constant 

4 


25.251. 


25.252. 


25.253. 


25.254. 


25.255. 


25.256. 


25.257. 


25.258. 


Which of the following is the disad¬ 
vantage of hydraulic system over electri¬ 
cal system ? 

(a) Bulkiness (b) Low effeciency 

( c ) Fluid leakage (d) Any of the aboye 
Which of the following materials is used 
for making a stator of a synchro ? 

(a) Cast iron (b) Copper 

(c) Cadmium alloy 

(d) Laminated silicon steel 

(e) None of the above 
A synchro is employed 

(a) to amplify low frequency signals 

(b) to accelerate a rotating shaft 

(c) to convert linear motion into angu¬ 
lar motion 

(d) to convert an angular position of a 
shaft; into an electrical signal 

In type-1 system a constant output 
velocity at steady state will be possible 
when there is 

(a) fluctuating error 

(b) variable steady state error 

(c) constant steady state error 

(d) no error 

A servomechanism with step displace¬ 
ment input will form.system. 

(a) type-3 b) type-2 

(c) type-1 (d) type-0 

The phase difference between the two 

windings of A.C. servomotor is 

(a) 30° (b) 60° 

(c) 90° (d) 120° 

( e ) none of the above 

By which of the following methods vis¬ 
cous friction can be added to a ser¬ 
vomechanism ? 

(a) Reducing shaft r.p.m. 

(b) Increasing shaft r.p.m. 

(c) Increasing the temperature of the 
coil 

(d) Coupling a disc to shaft which is 
immersed in a viscous medium 

.is used for Nyquist plot. 

(a) Characteristic equation 

(b) Open loop function 

(c) Closed loop function 

(d) None of the above 
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25.259. The effect of adding poles and zeros can 
be determined quickly by which of the 
following ? 

(a) Root locus (6) Nyquist plot 

(c) Bode plot (d) Nicholar chart 

(e) None of the above 

25.260. The servomotor differs from other motors 
in the sense that it has 

(a) entirely different construction 

(b) low inertia and high torque 

(c) low inertia and low torque 

(d) high inertia and high torque 

25.261. The resolution of potentiometer should 
be 

(a) infinity (6) very high 

(c) low (d) zero 

25.262. An ideal transformer should have 

(a) zero resolution 

( b ) resolution proportional to the refe¬ 
rence voltage 

(c) an infinite resolution 

(d) a fine wire 

25.263.has infinite resolution. 

(a) Kelvin’s double arm potentiometer 

(b) Deposited field potentiometer 

(c) Gall Tensley potentiometer 

(d) None of the above 


25.264. Which of the following terms is not 
connected with potentiometer ? 

(a) Least count (6) Resolution 

(c) Reference voltage 

(d) Backlash 

25.265. Which of the following is incorrect ? 

(а) Nyquist criterion is in time domain 

(б) Routh’s criterion is in time domain 

(c) Bode plot is in frequency domain 

(d) none of the above 

25.266. In a magnetic amplifier the purpose of 
bias winding is 

(a) to produce initial saturation in core 
for high amplification 

( b ) to weaken D.C. flux in the core 

(c) to weaken A.C. flux in the core 

(d) none of the above 


25.267. In system design which of the following 
is the disadvantage of differentiators ? 
(a) High cost 


25.268. 


25.269. 


25.270. 


25.271. 


25.272. 


25.273. 


25.274. 


(b) Large resistances and inductances 
in the circuit 

(c) Noise production and amplifier 
saturation 

(d) None of the above 

Steep out off characteristics will have 

(a) accurate cut-off 

( b ) low stability margin 

(c) small peak response 

(d) all of the above 

As compared to a potentiometer which 
of the following is high for a LVDT ? 

(а) Voltage sensitivity 

(б) Resolution 

(c) Both (a) and (b) 

( d) None of the above 

For a linear transfer function of the 
variable the transfer function of the 
system 

(а) does not change 

(б) changes 

(e) has no relation at all 

(d) depends on other factors also 
Which of the following methods may be 
used to minimize the loading in poten¬ 
tiometers ? 

(a) Linearity may be introduced 

( b ) Non-linearity may be introduced 

(c) Reference voltage may be increased 

(d) Length of wire may be increased 
On which of the following factors does 
the resolution of a potentiometer 
depend ? 

(a) Size of wire (6) Type °f contact 

(c) Composition of wire material 

(d) Shape of wire cross-section 

In order to convert the angular position 
of a shaft into an electric signal, which of 
the following electromagnetic transducers 
can be used ? 

(а) A.C. servometer 

(б) Thermocouple 

(c) Rotary LVDT 

(d) Synchros 

Frequency domain analysis is preferred 
when dealing with systems having 
input as 

(a) sinusoidal with fixed frequency 
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25.275. 


25.276. 


25.277. 


25.278. 


25.279. 


25.280. 


25.281. 


(b) sinusoidal with variable frequency 
and amplitude 

(c) non-sinusoidal with lagging power 
factor 

(d) ramp and parabolic 

The Bode plot is applicable to.net¬ 

work. 

(a) maximum phase 

( b ) minimum phase 

(c) all phase 

( d) none of the above 

Regulator can be categorized as . 

system. 

(a) type-3 (b) type-2 

(i c ) type-1 {d) type-0 

If the complex poles of a system have 

greater real parts, them overshoot is 

(a) more (6) less 

(c) not effected 

{d) none of the above 

A system which has some roots with 

real parts equal to zero, but none with 

positive real parts, is 

(a) marginally stable 

(b) relatively stable 

(c) absolutely stable 

(d) absolutely unstable 

Which of the following types of motor 
has printed windings ? 

(a) Modular motor 

(b) Motor with disc shaped rotor 

(c) Motor with ferromagnetic rotor 

(d) None of the above 

With the knowledge of state space rep¬ 
resentation the transfer function of the 
system 

(а) can be determined partly 

(б) can be determined completely 

(c) cannot be determined 

(d) none of the above 

. system provides excellent tran¬ 
sient as well as steady-state response 

(а) Proportional action 

(б) Proportional + integral action 

(c) Proportional + differential action 

(d) Proportional + integral + differen¬ 
tial action 

(e) None of the above 


25.282. In a pneumatic control valve the func¬ 
tion of valve positioner is to eliminate 

(а) error in value-stem position 

(б) excessive hysteresis 

(c) the effects of air being compressible 

(d) all of the above 

25.283. In aircrafts the use of hydraulic motor 
is preferred over the electric motor be¬ 
cause they are 

(a) cheap (b) flexible 

(c) not electrically driven 

(d) light and have high torque to inertia 
ratio 

25.284. The steady state output of a unity feed¬ 
back control system is . reference 

input. r 

(a) equal to (b) very near to 

(c) much more than 

(d) not related to 

25.285. The loading effect-on the potentiometer 
can be avoided by the use of 

(а) alternator 

(б) constant current source 

(c) battery ( d ) trimmer 

(e) none of the above 

25.286. Because of which of the following the 
use of deposited film type potentiometer 
is limited. 

(а) Resistance varying yrith tempera¬ 
ture 

(б) Infinite resolution 

(c) Either of the above 

( d) None of the abo^vfe 

25.287. ‘Synchros’ are popularly used as trans¬ 
mitter of 

(а) digital data 

(б) mathematical data 

(c) angular data 

(d) all of the above 

25.288. High power amplification is achievec 
by the use of 

(a) amplidyne (b) A.C. amplifier 

(c) magnetic amplifier 

(d) silicon controlled rectifier 

(e) none of the above 

25.289. The term continuity is associated with 
which of the i llowing ? 

(a) Transformer 
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( b ) Magnetic amplifier 

(c) Potentiometer (c?) Selsyn 

25.290. The overshoot (an indication of the 
largest error between the actual and 
desired output) is the ratio of 

(а) dynamic error to peak error 

(б) transient error to peak error 

(c) maximum overshoot to final desired 
value 

(d) none of the above 

25.291. Which of the following is an advantage 
of on line identification ? 

(a) The transfer characteristics are 
found in the form of transfer func¬ 
tions only 

(b) Identification is carried out in real 
time and it may be accomplished 
easily and quickly 

(c) For identification only the working 
input and output system signals are 
required for investigation 

(d) Even in the presence of some non¬ 
linearity the method will statisti¬ 
cally linearize to give transfer 
characteristic at operating condi¬ 
tions 

(e) All of the above 

25.292. Which of the following is an assumption 
made in Laplace technique in sampled 
data control ? 

(a) Sampler is having small pulse dura¬ 
tion 

(b) Sampler is working on periodic duty 
cycle 

(c) Sampler is having sampled infor¬ 
mation fed to a linearily relaxed 
system 

(d) Sampler is ideal having make and 
break contacts operating instantly 

( e ) All of the above 

25.293. To maximize or minimize a set of criteria 

is called. 

(а) optimal control policy 

(б) limit differential function zero 

(c) maximization control 

(d) minimization control 

25.294. Sampled data systems final application 
in which of the following ? 


25.29 

(а) Control mechanisms of automatic 
metal cutting lathes 

(б) Ppulse controlled electric drives 

(c) High speed in plate rolling drives by 
using quantized data 

(d) All of the above 

25.285 In a non-linear control system limit 
cycle is self sustained oscillations of 

(а) fixed frequency 

(б) variable frequency 

(c) variable amplitude 

(d) fixed frequency and amplitude 
25.286. In a hybrid feedback control system 

carrier signals are 

(a) only A.C. (b) only D.C. 

(c) both (a) and (6) 
id) none of the above 

25.297. For which of the following reasons non- 
linearities are introduced ? 

(а) To simplify the system 

(б) To achieve special characteristics 

(c) Both (a) and (6) 

(d) None of the above 

25.298. A minor loop feedback compensation 

increases the steady state error by a 
factor which is. 

(a) constant 

(b) decaying exponentially 

(c) directly proportional to rate feed¬ 
back 

(d) inversely proportional to rate feed¬ 
back 

25.299. Phase lag network does which of the 
following ? 

(а) Maintains velocity gain constant 

(б) Increases system stability 

(c) Decreases bandwidth 

(d) All of the above 

25.300* Which of the following is an example of 
intentional non-linear systems ? 

(а) Contractor servos 

(б) Non-linear pitch or dampers in 
aircraft control 

(c) On-6ff transducers 

(d) All of the above 

25.301. In a system the friction co-efficient is 
decreased to decrease 
(a) velocity lag error 
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(b) velocity lead 

(c) system time constant 
(c0 all of the above 

25.302. The effect of second derivative input 
control is to 

(а) control time constant of the system 

(б) suppress oscillations 

(c) both (a) and (6) 

(d) none of the above 

25.303. The Root locus are the plots of the varia¬ 
tions of the poles of the closed loop 
system function with changes in 

(a) open loop gain 
' ( b ) open loop poles 

(c) closed loop zeros 
(gO none of the above 

25.304. The frequency range specification re¬ 
quired to satisfactorily describe the 
system response is 

(a) cut off range (6) attenuation 

(c) resonance {d) bandwidth 

25.305.. Slope of asymptote in Bode plot for a 

second order system is.per octane. 

(a) 18 dB (b) 12 dB 

(c)6 dB (d) 3 dB 

25.306. Type 0 system has. 

(а) high gain constant 

(б) small steady state error 

(c) either (a) or (6) 

(d) both (a) and ( b ) 


25.307. For frequency domain analysis sinu¬ 
soidal signals considered have.fre¬ 

quency. 

(a) logarithmic (6) same 

(c) differential 

(d) any of the above 

25.308. Which of the following statements is 
incorrect in respect of closed loop control 
system ? 

(а) The source power of the feedback 
system is modulated by error signal 

(б) Use of feedback minimizes the ef¬ 
fects of disturbing signal 

(c) With feedback system the transient 
response decays more quickly 

(d) A D.C. closed loop control system 
has modulated wave forms 


25.309. For transistor amplifier circuits the 
common emitter configuration is used 
because it gives 

(а) high power gaip 

(б) high voltage gain 
(c) both (a) and (6) 

(cO none of the above 


25.310. 


25.311. 


25.312. 


25.313. 


25.314. 


Which of the following statements is 
incorrect ? 

(а) The damping action of an electro¬ 
hydro servo unit can be increased by 
closing the dashpot 

(б) A synchro generator can be used as 
synchro motor and vice versa 

(c) Box car generator is used in sampled 
data system for clamping 

(d) A simple lever device can be used as 
a mechanical position control equip¬ 
ment . 

Differential used in synchro differen¬ 
tial unit indicates which of the follow¬ 
ing? 

ta) Rate of change of linear motion 
(6) Differential of analog signal to be 
transmitted 

(c) Difference of rotation angle of two 
synchro generators 

( d) All of the above 

LVDT is preferred over the potentio¬ 
meter as an error detector because 
former 

(а) uses capacitance to minimize load¬ 
ing error 

(б) produces a stronger actuating sig¬ 
nal 

(c) has high voltage sensitivity, low 
friction level and infinite resolution 
{d) all of the above 

‘Microsy’ is a component based on the 
principle of 

(a) d.c. motor ( b ) resolver 

(c) saturable reactor 

(d) rotary differential transformer 
. (e) none of the above 

The gain of the amplidyne is related to 
the gain of D.C. generator of equivalent 
rating as.that of D.C. generator. 
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(a) equal to (b) less than 

(c) more than ( d ) any of the above 

25.315. In signal flow graph function points are 
called 

(a) joints (6) nodes 

(c) functional points 

(d) -none of the above 

25.316. The feedback of the tachometer reduces 
the system’s 

(a) time constant only 

(b) gain only 

(c) both (a) and (6) 

(d) none of the above 

25.317. There is a.between the two nodes 

of signal flow graph. 

(a) link (6) branch 

(c) tree 

(d) none of the above 

25.318. Which of the following statements is 

incorrect ? 

(a) The integral error compensation 
changes a second order system into 
a third order system 

(b) Derivative ov-^put compensation 
will increase settling time 

(c) For type-1 system, with unit ramp 
input, the steady state velocity con¬ 
stant is finite 


25.31 

(d) For type-1 system the unit step 
input, the steady state error is zero 

25.319. Which of the following statements is 

incorrect ? 

(а) If a system output is an oscillatory 
signal for a sinusoidal signal, it is 
called relatively stable 

(б) If a system response is stable for a 
limited range of variations of its 
parameters, it is called conditional¬ 
ly stable system 

(c) If a system response is stable for all 
variation of its parameters, it is 
called absolutely stable system 

(d) If the output response to a bounded 
input signal result in constant 
amplitude or constant amplitude 
oscillation, then the system is 
limited stable 

25.320. Which of the following is the specifica¬ 
tion of optimal control problems ? 

(а) A performance index to define the 
goal of the control system design 

(б) System must be represented by a 
state equation 

(c) A starting time and state, end time 
and state 

(d) Boundary conditions 

( e ) All of the above 


B. Fill in the Blanks/Say ‘Yes’ or ‘No’: 

25.321. A . is an arrangement of physical 

components connected or related in 
such a manner as to form and/or act as 
an entire unit. 

25.322. A . system is an arrangement of 

physical components connected or re¬ 
lated in such a manner as to command, 
direct or regulate itself or another sys¬ 
tem. 

25.323. An open-loop system is one in which 

control action is independent of the 
desired output. (Yes/No) 

25.324. Each system may have a large number 

of subsystems. (Yes/No) 

25.325. Universe is a big system containing. 

small systems. 


25.326. A closed system is one in which control 
action is some how dependent on the 

25.327. A positive feedback signal improves the 

performance of automatic control sys¬ 
tem. (Yes/No) 

25.328. Automatic machine is an example of 

closed loop system. (Yes/No) 

25.329. Liquid level control system is an ex¬ 
ample of.system. 

25.330. An automatic toaster is an example of 
.system. 

25.331. All control systems operated by present 
timing mechanism are open loop. 

(Yes/No) 
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25.332. 

25.333. 

25.334. 

25.335. 

25.336. 

25.337. 

25.338. 

25.339. 

25.340. 

25.341. 

25.342. 


25.343. 


25.344. 

25.345. 

25.346. 

25.347. 

25.348. 

25.349. 


Traffic signal system is an example of 
.system. 

Human being reaching for an object is an 
example of open loop system. (Yes/No) 
Closed loop system is generally compli¬ 
cated and costly. (Yes/No) 

In . system any change in system 

component cannot be taken care of 
automatically. 

In.system the control adjustment 

depends on output and feedback ele¬ 
ment. 

In open loop system stability can be 
ensured. (Yes/No) 

.. loop system is more accurate than 

.system. 

The quantity or condition of the control¬ 
led system which can be directly 

measured and controlled is called. 

variable. 

The input which can be independently 
varied is called. 

A standard signal used for comparison 
in the closed loop system is called ref¬ 
erence input. (Yes/No) 

The difference between the feedback 
signal and the reference signal is called 
.signal. 

Any signal other than the reference 
which affects the system performance 
is called. 

The difference between the actual 
value and ideal value is called ...... 

A.is a feedback control system used 

to control position or its derivative. 

A.is a system employed'to control 

a quantity which is to be kept constant 
for fairly long interval. 

A . diagram is the diagrammatic 

representation of a physical system. 

A.graph is a pictorial representation 

of the simultaneous equations describ¬ 
ing a system. 

Any continuous unidirectional succes¬ 
sion of branches traversed in the indi¬ 
cated direction qf branch is called path. 

(Yes/No) 


25.350. The path from input node to the output 

node along which no anode is traversed 
twice is called.path. 

25.351. The product of transmittances along a 

path is called.gain. 

25.352. The product of transmittances along 

the loop is called.gain. 

25.353. The time required for the response to 

reach line half the final value is called 
delay time. ( Y es/N o) 

25.354. ...... time is the time required for the 

response to rise from 10 to 90% of its 
final value. 

25.355. The time required for the response to 

reach the first peak of the overshoot is 
called.time. 

25.356.time is the time required for the 

response to a unit-step function input 
to reach and remain within a specified 
percentage of its final value. 

25.357. The response of a system to input or 

disturbances determines its. 

25.358. When the system has some roots with 

real parts equal to zero, but none with 
positive real parts, the system is said to 
be.stable which is unstable. 

25.359. An error detector is a sensor to sense 

the error between the reference input 
and the desired output. (Yes/No) 

25.360. is a transformer having one 

primary, and two secondary windings 
and a movable core. 

25.361. A servo-amplifier is the amplifier used 
to amplify the small output of the error 
detector to directfy operate the actuator. 

(Y es/No) 

25.362. LVDT is an electrostatic device. 

(Yes/No) 

25.363. A high damping ratio will give a high 

overshoot. (Yes/No) 

25.364. The capacitance is not used to fabricate 

a lag network. (Yes/No) 

25.365. A potentiometer can be used as a con¬ 
trol element. (Y es/No) 

25.366. The transfer function equation deter- 

Download^iiftgi^eM^ie&syEiigineering.net 




























Downloaded From : www.EasyEngineering.net 


CONTROL SYSTEMS 


25.33 


25.367. In open loop control system power flow 
is not modulated by the input. 

(Yes/No) 

25.368.is a rotating amplifier. 

25*369. The acceleration error constant for a 
type-2 system is finite. (Yes/No) 

25.370. Mixed nodes have incoming branches 
only. (Yes/No) 

25.371.margin is a measure of relative 

stability of a system. 

25.372. Audio amplifiers are often compared on 

the basis of their. 

25.373. A system is absolutely stable if its 
oscillation are not strong enough to. 
change the parameters of the system. 

(Yes/No) 

25.374. The polar plot relates the magnitude in 
decibel with phase angle. (Yes/No) 

25.375. Simultaneous equations can be solved 
by using signal flow graph technique. 

(Yes/No) 

25.376. A magnetic amplifier has drooping load 

characteristics. (Yes/No) 

25.377. The closed loop frequency response can 

be obtained from open loop frequency 
plot. (Yes/No) 

25.378. The position error constant for a type 0 

system is. 

25.379. Laplace transform of an impulse func¬ 
tion is 1. (Yes/No) 

25.380. Phase lag network is used to increase 

system stability and maintain velocity 
gain constant. (Yes/No) 

25.381. In an unstable system it is possible to 
achieve initial equilibrium state. 

(Yes/No) 

25.382. Roots of the closed loop control system 
can be obtained from Bode plot. 

(Yes/No) 

25.383. The effect of differentiator in feedback 

element is equivalent to that of tacho¬ 
meter feedback. (Yes/No) 

25.384. When filters are used on D.C. the car¬ 
rier frequency must be. 


25.385. Active devices cannot be used as stabiliz¬ 
ing elements. (Y es/No) 

25.386. The resonance peak will occur when 

the system gain corresponds to critical 
damping value. (Yes/No) 

25.387. A synchro-generator can be used as 
synchro-motor and vice versa. 

(Yes/No) 

25.388. Mason’s gain formula is used to find the 
.gain of the system. 

25.389. For a system having damping factor 

zero, the magnitude of the output will 
be. 

25.390. Routh’s criteria does not provide suffi¬ 

cient information concerning the fre¬ 
quency of the system. (Yes/No) 

25.391. The . is the maximum difference 

between the transient and steady-state 
solution for a unit-step function input. 

25.392 .nodes represent independent vari¬ 

ables and have only outgoing branches. 

25.393 . margin is also degree plus the 

phase angle of the open-loop transfer 
function at unity gain. 

25.394. In order to improve time response of the 
system the root locus must be moved 
more towards the left of the original 
locus of the stable system. (Yes/No) 

25.395. The frequency range of the system 

which gives satisfactory response is 
called bandwidth. (Yes/No) 

25.396. A positive feedback signal improves the 

performance of automatic control sys¬ 
tem. (Yes/No) 

25.397. In a closed loop system of feedback sig¬ 
nal is usually positive. (Yes/No) 

25.398. The Nyquist plot indicates the exist¬ 

ence of any zero in the right hand half 
of s-plane, hence indicating system 
stability. (Yes/No) 

25.399. A.path starts from a source node 

and passing once through all nodes 
reaches a sink node. 

25.400. The Bode plot is applicable to.pha^e 

network. 
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ANSWERS 
(Control Systems) 


A % Choose the Correct Answer : 


25.1. (a) 

25.2. ib) 

25.3. (a) 

25.4. (a) 

25.5. (a) 

25.6. (6) 

25.7. id) 

25.8. ib) 

25.9. ib) 

25.10. (c) 

25.11. ia) 

25.12. (c) 

25.13. (a) 

25.14. (6) 

25.15. ib) 

25.16. (b) 

25.17. id) 

25.18. (a) 

25.19. id) 

25.20.(6) 

25.21. (a) 

25.22. (a) 

25.23. (a) 

25.24. id) 

25.25. id) 

25.26. (6) 

25.27. (a) 

25.28. id) 

25.29. (c) 

25.30. (c) 

25.31. (d) 

25.32. id) 

25.33. id) 

25.34. (c) 

25.35. (c) 

25.36. (c) 

25.37. id) 

25.38. id) 

25.39. id) 

25.40. (c) 

25.41. (c) 

25.42. (c) • 

24.43. id) 

25.44. (a) 

25.45. id) 

25.46. (a) 

25.47. (6) 

25.48. ia) 

25.49. id) 

25.50. (c) 

25.51. (c) 

25.52. (6) 

25.53. ia) 

25.54. id) 

25.55. (a) 

25.56. (c) 

25.57. (c) 

25.58. (a) 

25.59. (c) 

25.60. (a) 

25.61. (a) 

25.62. (c) 

25.63. (6) 

25.64. (a) 

25.65. (a) 

25.66. {d) 

25.67. ib) 

25.68. (a) 

25.69. (c) 

25.70. (d) 

25.71. (d) 

. 25.72. (6) 

25.73. (6) 

25.74. (a) 

25.75. (a) 

25.76. (c) 

25.77. ib) 

25.78. id) 

25.79. (a) 

25.80. (c) 

25.81. (c) 

25.82. ib) 

25.83. ib) 

25.84. (c) 

25.85. ib) 

25.86. (a) 

25.87. (c) 

25.88. (c) 

25.89. id) 

25.90. (c) 

25.91. (c) 

25.92. id) 

25.93. id) 

25.94. (c) 

25.95. (e) 

25.96. (d.) 

25.97. ib) 

25.98. ib) 

25.99. id) 

25.100. id) 

25.101. (a) 

25.102. id) 

25.103. id) 

25.104. (c) 

25.105. (c) 

25.106. (a) 

25.107. (c) 

25.108. id) 

25.109. (c) 

25.110. (c) » 

25.111. id.) 

25.112. id) 

25.113. ib) 

25.114. (d) 

25.115. (c) 

25.116. ib) 

25.117. (c) 

25.118. id) 

25.119. (c) 

25.120. id) 

25.121. (c) 

25.122. ib) 

25.123. (a) 

25.124. (a) 

25.125. id) 

25.126. ib) 

25.127. id) 

25.128. ib) 

25.129. (c) 

25.130. id) 

25.131. id.) 

25.132. id) 

25.133. (a) 

25.134. (6) 

25.135. (e) 

25.136. (c) 

25.137. (6) 

25.138. ib) 

25.139. (c) 

25.140. id) 

25.141. id) 

25.142. (6) 

25.143. (6) 

25.144. id) 

25.145. (e) 

25.146. ia) 

25.147. ia) 

' 25.148. (a) 

25.149. (c) 

25.150. ib) 

25.151. (a) 

25.152. (c) 

25.153. (a) 

25.154. (c) 

25.155. (c) 

25.156. (c) 

25.157. id) 

25.158. ib) 

25.159. (e) 

25.160. id) 

25.161. (a) 

25.162. (a) 

25.163. (c) 

25.164. id) 

25.165. (6) 

25.166. id.) 

25.167. (c) 

25.168. ib) 

25.169. (c) 

25.170. id) 

25.171. id.) 

25.172. (a) 

25.173. (c). 

25.174. (c) 

25.175.(6) 

25.176. 'd) 

25.177. (a) 

25.178. (a) 

25.179. (c) 

25.180. id) 

25.181. (d) 

25.182. (c) 

25.183. (a) 

25.184. (6) 

25.185. (c) 
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25.186. (6) 

25.187. (b) 

25.188. (b) 

25.189. (c) 

25.190. (b) 

25.191. (a) 

25.192. (b) 

25.193. (d) 

25.194. (a) 

25.195. (d) 

25.196. ( b) 

25.197. (a) 

25.198. (c) 

25.199. ( b) 

25.200. (a) 

25.201. (a) 

25.202. ( d) 

25.203. (d) 

25.204. ( d) 

25.205. (a) 

25.206. (a) 

25.207. (b) 

25.208. (d) 

25.209. (a) 

25.210. (d) 

25.211. (6) 

25.212. (b) 

25.213. (a) 

25.214. (a) 

25.215. (6) 

25.216. ( b) 

25.217. (c) 

25.218. (a) 

25.219. (c) 

25.220. (a) 

25.221. (a) 

25.222. (c) 

25.223. (b) 

25.224. (c) 

25.225. (a) 

25.226. (d) 

25.227. (a) 

25.228. (6) 

25.229. (a) 

25.230. (c) 

25.231. id) 

25.232. (a) , 

25.233. (c) 

25.234. (b) 

25.235. (d) 

25.236. (a) 

25.237. (c) 

25.238. (6) 

25.239. (d) 

25.240. (c) 

25.241. (c) 

25.242. (d) 

25.243. (c) 

25.244. (d) 

25.245. (a) 

25.246. (c) 

25.247. (d) 

25.248. (a) 

25.249. (a) 

25.250. (a) 

25.251. (c) 

25.252. (d) 

25.253. (d) 

25.254. (c) 

25.255. (c) 

25.256. (c) 

25.257. (d) 

25.258. (6) 

25.259. (c) 

25.260. (b) 

25.261. (a) 

25.262. (c) 

25.263. (b) 

25.264. (d) 

25.265. (a) 

25.266. (c) 

25.267. (c) 

25.268. (b) 

25.269. (d) 

25.270. (a) 

25.271. (6) 

25.272. (a) 

25.273. (d) 

25.274. (b) 

25.275. (b) 

25.276. (d) 

25.277. (b) 

25.278. (a) 

25.279. (6) 

25.280. (b) 

25.281. (d) 

25.282. (d) 

25.283. ( d) 

25.284. (b) 

25.285. (d) 

25.286. (a) 

25.287. (c) . 

25.288. (a) 

25.289. (c) 

25.290. (c) 

25.291. (e) 

25.292. (e) 

25.293. (a) 

25.294. (d 

25.295. (d) 

25.296. (c) 

25.297. (c) 

25.298. (a) 

25.299. (d) 

25.300. (d) 

25.301. (a) 

25.302. (c) 

25.303. (a) 

25.304. (d) 

25.305. (b) 

25.306. (6) 

25.307. (c) 

25.308. (d) 

25.309. (c) 

25.310. (b) 

25.311. (c) 

25.312. (c) 

25.313. ( d) 

25.314. (c) 

25.315. (b) 

25.316. (c) 

25.317. (b) 

25.318. (b) 

25.319. (a) 

25.320. (e) 

B. Fill in the Blanks/Say *Yes’ 

or‘No’: 



25.321. system 


25.322. control 

25.323. Yes 

25.324. Yes 


25.325. infinite 

25.326. output 

25.327. Yes 


25.328. No 

25.329. closed loop 

25.330. open loop 


25.331. Yes 

25.332. closed loop 

25.333. No 


25.334. Yes 

25.335. open, loop 

25.336. closed loop 


25.337. Yes 

25.338. Closed, open 

25.339. controlled 


25.340. command 

25.341. Yes 

25.342. actuating 


25.343. disturbance 

25.344. 

system error 

25.345. servo-mechanism 

25.346. regulator 

25.347. block 

25.348. signal flow 


25.349. Yes 

25.350. forward 

25.351. path 


25.352. loop 

25.353. Yes 

25.354. Rise 


25.355. peak 

25.356. Settling 
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25.357. stability 
25.360. LDVT 
25.363. No 
25.366. dynamics 
25.369. Yes 
25.372. bandwidth 
25.375. Yes 
25.378. finite 
25.381. No 
25.384. modulated 
25.387. No , 
25.390. Yes 
25.393. phase 
25.396. No 
25.399. forward 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


25.358. marginally 

25.359. Yes 

25.361. Yes 

25.362. No 

25.364. No 

25.365. Yes 

25.367. No 

25.368. Amplidyn 

25.370. No 

25.371. Gain 

25.373. No 

25.374. No 

25.376. Yes 

25.377. Yes 

25.379. Yes 

25.380. Yes 

25.382. No 

25.383. Yes 

25.385. No 

25.386. No 

25.388. overall 

25.389. infinite 

25.391. overshoot 

25.392 . source 

25.394. Yes 

25.395. Yes 

25.397. No 

25.398. Yes 

25.400. minimum. 



□ □ 
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Electric Traction 


26.1. SYSTEMS OF TRACTION 

The various systems of traction commonly used are : 

1. Direct steam-engine system 

2. Direct internal-combustion engine system 

3. Steam-electric system 

4. Internal-combustion engine with electric drive 

5. Battery-electric drive 

6. Electric dr ’ e 

Systems of Track Electrification 

The systems of track electrification are as follows : 

1. Direct current. 600 V D.C. for tramways and 1500 or 3000 V D.C. for main line railways. 

2 

2. Single phase A.C . system. 15/16 kV at 16— or 25 Hz. This of course varies for different 

O 

countries. 

3. Three-phase A. C. system. A high voltage three phase system. Here two wires are generally 
used, the track rails are used for third phase. 


26.2. SPEED-TIME CURVES FOR TRAIN MOVEMENT 


ACCELERATION DURING NOTCHING UP 

r ACCELERATION ON SPEED CURVE 
FREE RUNNING 
B_ S C 


OASTING 


The actual rim of a car or train can graphically be represented by a speed-time curve which 
consists of the following: 

(i) Acceleration 

( ii) Constant speed or free running 

(Hi) Coasting , where power is shut off and the 

retardation, is produced by resistance to motion 

(iu) Retardation due to braking. 

A typical speed-time curve is shown in Fig. 26.1. 

Crest speed. The ma xim um speed attained by the £ 
vehicle during the run is known as crest speed. 

Average speed. The mean of the speed from start to 
stop, i.e., the distance covered between two stops divided by 
the actual time of run is known as average speed . 

Schedule speed. The ratio of distance covered between 
two stops and total time of run including time of stop is 
known as schedule speed. 



time 


Fig. 26.1. Speed-time curve. 


26 .: 
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The schedule speed of a given train when running on a given service (i.e ., with a given distance 
between stations) is affected by the following factors : 

( i ) Acceleration and braking retardation (ii) Maximum or crest speed 

(Hi) Duration of stop. 

26.3. ADVANTAGES AND DISADVANTAGES OF ELECTRIC TRACTION 
Advantages 

1. Cleanliness. Electric traction does not produce any smoke or corrosive fumes and thus it is 
most suited for underground and tube railways. 

2. High starting torque. 3. Saving in high grade coal 

4. Low maintenance cost and less maintenance time 

5. Lower centre of gravity 6. Absence of unbalancecd forces 

7. Quick starting 8. Efficient braking. 


A. Choose the Correct Answer : 

26.1. Which of the following is an advantage 
of electric traction over other methods 
of traction ? 

(a) Faster acceleration 

(b) No pollution problems 

(c) Better braking action 

(d) All of the above 

26.2. Which of the following is the voltage for 
single phase A.C. system ? 

(a) 22 V (6) 440 V 

(c) 5 kV (d) 15 kV 

(e) None of the above 

26.3. Longdistance railways use which of the 
following ? 

(a) 200 V D.C. 

(b) 25 kV single phase A.C. 

(c) 25 kV two phase A.C. 

(d.) 25 kV three phase A.C. 

26.4. The speed of a locomotive is controlled 
by 

(a) flywheel (b) gear box 

(c) applying brakes 

(d) regulating steam flow to engine 

26.5. Main traction systems used in India 
are, those using 

(a) electric locomotives 

(b) diesel engine locomotives 

(c) steam engine locomotives 

(d) diesel electric locomotives 

(e) all of the above 


in India diesel locomotives are manu¬ 
factured at 

(a) Ajmer (b) Varanasi 

(c) Bangalore (d) Jamalpur 

26.7. For diesel locomotives the range of horse¬ 
power is 

(a) 50 to 200 (b) 500 to 1000 

(c) 1500 to 2500 (d) 3000 to 5000 

26.8.locomotive has the highest opera¬ 

tional availability. 

(a) Electric (6) Diesel 

(c) Steam 

26.9. The horsepower of steam locomotives is 
(a) upto 1500 (b) 1500 to 2000 

(c) 2000 to 3000 (d) 3000 to 4000 

26.10. The overall efficiency of steam locomo¬ 
tive is around 

(а) 5 to 10 percent 

(б) 15 to 20 percent 

(c) 25 to 35 percent 

(d) 35 to 45 percent 

26.11. In tramways which of the following 
motors is used ? 

(а) D.C. shunt motor 

(б) D.C. series motor 

(c) A.C. three phase motor 

(d) AC. single phase capacitor start 
motor 

26.12. In a steam locomotive electric power is 
provided through 


OBJECTIVE TYPE QUESTIONS 

26.6. 
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(а) overhead wire 

(б) battery system 

(c) small turbo-generator 

(d) diesel engine generator 

26.13. Which of the following drives is suitable 
for mines where explosive gas exists ? 
(a) Steam engine (ft) Diesel engine 

(c) Battery locomotive 

(d) Any of the above 

26.14. In case of locomotives the tractive power 
is provided by 

(a) single cylinder double acting steam 
engine 

(ft) double cylinder, single acting steam 
engine 

(c) double cylinder, double acting steam 
engine 

(d) single stage steam turbine 

26.15. Overload capacity of diesel engines is 
usually restricted to 

(a) 2 percent (ft) 10 percent 

(c) 20 percent (d) 40 percent 

26.16. In case of steam engines the steam 
pressure is 

(a) 1 to 4 kgf/cm 2 (ft) 5 to 8 kgf/cm 2 
(cj 10 to 15 kgf/cm 2 
(cO 25 to 35 kgf/cm 2 

26.17. The steam engine provided on steam 
locomotives is 

(a) single acting condensing type 
(ft) single acting non-condensing type 

(c) double acting condensing type 

(d) double acting non-condensing type 

26.18. Electric locomotives in India are manu¬ 
factured at 

(a) Jamalpur (6) Bangalore 

(c) Chittranjan (d) Gorakhpur 

26.19. The wheels of a train, engine as well as 
bogies, are slightly tapered to 

(a) reduce frietion (ft) increase friction 

(c) facilitate braking 

(d) facilitate in taking turns 

26.20. Automatic signalling is used for which 
of the following trains ? 

(a) Mail and express trains 

(ft) Superfast trains 

(c) Suburban and Urban electric trains 

{d) All trains 


26.21. The efficiency of diesel locomotives is 
nearly 

(a) 20 to 25 percent 
(ft) 30 to 40 percent 

(c) 45 to 55 percent 

(d) 60 to 70 percent 

26.22. The speed of a superfast train is 

(a) 60 kmph (ft) 75 kmph 

(c) 100 kmph 

(d) more than 100 kmph 

26.23. The number of passanger coaches that 
can be attached to a diesel engine locomo¬ 
tive on broad gauge is usually restricted 
to 

(a) 5 (ft) 10 

(c) 14 id) 17 

26.24. Which of the following state capitals is 
not on broad gauge track ? 

(a) Lucknow (6) Bhopal 

(c) Jaipur (d) Chandigarh 

26.25. Which of the following is the advantage 
of electric braking ? 

(a) It avoids wear of track 
(ft) Motor continues to remain loaded 
during braking 

(c) It is instantaneous 

(d) More heat is generated during brak¬ 
ing ■ 

26.26. Which of the following braking systems 
on the locomotives is costly ? 

(a) Regenerative braking on electric 
locomotives 

(ft) Vacuum braking on diesel locomo¬ 
tives 

(c) Vacuum braking on steam locomo¬ 
tives 

id) All braking systems are equally 
costly 

26.27. Tractive effort is required to 

(a) overcome the gravity component of 
train mass 

(ft) overcome friction, windage and curve 
resistance 

(c) accelerate the train mass 

(d) do all of the above 

26.28. For given maximum axle load tractive 
efforts of A.C. locomotive will be 

(a) less than that of D.C. locomotive 
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(6) more than that of D.C. locomotive 

(c) equal to that of D.C. locomotive 

( d) none of the above 

26.29. Co-efficient of adhesion reduces due to 
the presence of which of the following ? 

(a) Sand on rails (6) Dew on rails 

(c) Oil on the rails (cf) both (6) and (c) 

26.30. Due to which of the following co-effi¬ 
cient of adhesion improves ? 

(a) Rust on the rails 

( b ) Dust on the rails 

(c) Sand on the rails 

(d) All of the above 

26.31. Quadrilateral speed-time curve pertains 
to which of the following services ? 

(a) Main line service 

(b) Urban service ^ 

(c) Sub-urban service 

(i d ) Urban and sub-urban service 

26.32. Which of the following is the disad¬ 
vantage of electric traction over other 
systems of traction ? 

(а) Corrosion problems in the under¬ 
ground pipe work 

(б) Short time power failure interrupts 
traffic for hours 

(c) High capital outlay in fixed instal¬ 
lations beside route limitation 

(d) Interference with communication 
lines 

(e) All of the above 

26.33. Co-efficient of adhesion is 

(а) high in case of D.C. traction than in 
the case of A.C. traction 

(б) low in case of D.C. traction than in 
the case of A.C. traction 

(c) equal in both A.C. and D.C. traction 

(d) any of the above 

26.34* Speed-time curve of main line service 
differs from those of urban and sub¬ 
urban services on following account 

(а) it has longer free running period 

(б) it has longer coasting period 

(c) accelerating and bracing periods 
are comparatively smaller 

(d) all of the above 

26.35. The rate of acceleration on suburban or 
urban services is restricted by the consi¬ 
deration of 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(a) engine power (6) track curves 

(c) passanger discomfort 

(d) track size 

26.36. The specific energy consumption of a 
train depends on which of the following ? 

(a) Acceleration and retardation 

(b) Gradient 

(c) Distance covered 

(d) All of the above 

26.37. The friction at the track is proportional 
to 

(a) 1/speed (6) l/(speed) 2 

(c) speed {d) none of the above 

26.38. The air resistance to the movement of 
the train is proportional to 

(a) speed (6) (speed) 2 

(c) (speed) 3 (cO 1/speed 

26.39. The normal value of adhesion friction 
is 

(a) 0.12 (6) 0.25 

(c) 0.40 (d) 0.75 

26.40. The pulsating torque exerted by steam 

locomotives causes which of the follow¬ 
ing? j 

(а) Jolting and skidding 

(б) Hammer blow j 

(c) Pitching 

{d) All of the above \ 

26.41. Which of the following braking systems 
is used on steam locomotives ? 

(a) Hydraulic system 

( b ) Pneumatic system 

(c) Vacuum system I 

(d) None of the above 

26.42. Vacuum is created by which of the fol¬ 
lowing? 

(а) Vacuum pump 

(б) Ejector 

(c) Any of the above 
{d) None of the above 

26.43. The resistance encountered by a train 
in motion is on account of 

(а) resistance offered by air 

(б) friction at the track 

(c) friction at various parts of the roll¬ 
ing stock 

(cQ all of the above 
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26.44. Battery operated trucks are used in 

(a) steel mills (6) power stations 

(c) narrow gauge traction 

(d) factories for material transporta¬ 
tion 

26.45. ..method can bring the locomotive to 

dead stop. 

(a) Plugging braking 

( b ) Rheostatic braking 

(c) Regenerative braking 

(d) None of the above 

26.46. The value of co-efficient of adhesion 
will be high when rails are 

(a) greased (b) wet 

(c) sprayed with oil 

(d) cleaned with sand 

26.47. The voltage used for suburban trains in 
D.C. system is usually 

(a) 12 V (6) 24 V 

x (c) 220 V (d) 600 to 750 V 

26.48. For three-phase induction motors which 
of the following is the least efficient 
method of speed control ? 

(а) Cascade control 

(б) Pole changing 

(c) Rheostatic control 

(d) Combination of cascade and pole 
changing 

26.49. Specific energy consumption becomes 

(а) more on steeper gradient 

(б) more with high train resistance 

(c) less if distance between stops is 
more 

(d) all of the above 

26.50. In main line service as compared to 
urban and suburban service 

(a) distance between the stops is more 

(b) maximum speed reached is high 

(c) acceleration and retardation rates 
are low 

(d) all of the above 

26.51. Locomotive having monomotor bogies 

(a) has better co-efficient of adhesion 

(b) are suited both for passanger as 
well as freight service 

(c) has better riding qualities due to 
the reduction of lateral forces 

(d) has all above qualities 


26.5 

26.52. Series motor is not suited for traction 
duty due to which of the following 
account? 

(a) Less current drain on the heavy 
load torque 

(b) Current surges after temporary 
switching off supply 

(c) Self relieving property 

(d) Commutating property at heavy load 

26.53. When a bogie negotiates a curve, reduc¬ 
tion in adhesion occurs resulting in 
sliding. Thus sliding is acute when 

(а) wheel base of axles is more 

(б) degree of curvature is more 

(c) both (a) and ( b) 

(d) none of the above 

26.54. Energy consumption in propelling the 
train is required for which of the follow¬ 
ing? 

(а) Work against the resistance to mo¬ 
tion 

(б) Work against gravity while moving 
up the gradient 

(c) Acceleration 

(d) All of the above 

26.55. An ideal traction system should have 


(а) easy speed control 

(б) high starting tractive effort 

(c) equipment capable of with standing 
large temporary loads 

(d) all of the above 

26.56.have maximum unbalanced forces 

(a) Diesel shunters 

(b) Steam locomotives 

(c) Electric locomotives 
id) Diesel locomotives 

26.57. Specific energy consumption is affected 
by which of the following factors ? 

(a) Retardation and acceleration values 

(b) Gradient 

(c) Distance between stops 

(d) All of the above 

26.58. In case of.free running and coasting 

periods are generally long. 

(a) main-line service 
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26.59. 


26.60. 


26.61. 


26.62. 


26.63. 


26.64. 


26.65. 


26.66. 


26.67. 
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(b) urban service 

(c) sub-urban service 

(d) all of the above 

Overhead lines for power supply to 
tramcars are at a minimum height of 
(a) 3 m (6) 6 m 

(c) 10 m ( d ) 20 m 

The return circuit for tramcars is 
through . 

(a) neutral wire ( b ) rails 

(c) cables (d) common earthing 

Specific energy consumption is least in 
.service. 

(a) main line (b) urban 

(c) suburban 

Locomotives with monometer bogies 
have 

(а) uneven distribution of tractive effect 

(б) suitability for passanger as well as 
freight service 

(c) lot of skidding 

(i d ) low co-efficient of adhesion 

.was the first city in India to adopt 

electric traction. 

(a) Delhi ( b ) Madras 

(c) Calcutta (d) Bombay 

. frequency is not common in low 

frequency traction system 

(a) 40 Hz (6) 25 Hz 

(c) 16f Hz 

For 25 kV single phase system power 

supply frequency is. 

(a) 60 Hz ( b ) 50 Hz 

(c) 25 Hz ( d ) 16| Hz 

o 

Power for lighting in passanger coach, 
in a long distance electric train, is 
provided 

(а) directly through overhead electric 
line 

(б) through individual generator of 
bogie and batteries 

(<?) through rails 

(d) through locomotive 

In India, electrification of rail way track 
was done for the first time in which of 
the following years ? 


(a) 1820—1825 (b) 1880—1885 
(c) 1925—1932 (d) 1947—1954 

26.68. Suri transmission is. 

(а) electrical-pneumatic 

(б) mechanical-electrical 
(c) hydro-mechanical 
id) hydro-pneumatic 

26.69. In case of a steam engine an average 
coal consumption per km is nearly 

(a) 150 to 175 kg (6) 100 to 120 kg 
(c) 60 to 80 kg ( d ) 28 to 30 kg 

26.70. Which of the following happens in Kando 
system ? 

(а) Three phase A.C. is converted into 
D.C. 

(б) Single phase A.C. is converted into 
D.C. 

(c) Single phase supply is converted 
into three phase system 

(d) None of the above 

26.71. For which of the following locomotives 
. the maintenance requirements are the 

least ? 

(a) Steam locomotives 

( b ) Diesel locomotives 

(c) Electric locomotives 

(d) Equal in all of the above 

26.727 Which of the following methods is used 
to control speed of 25 kV, 50 Hz single 
phase traction ? 

(a) Reduced current method 

(b) Tap changing control of transformer 

(c) Series parallel operation of motors 
id) All of the above 

26.73. If the co-efficient of adhesion on dry 
rails is 0.26, which of the following 
could be the value for wet rails ? 

(a) 0.3 (6) 0.26 

(c) 0.225 (d) 0.16 

26.74.watt-hours per tonne km is usually 

the specific energy consumption for 
suburban services. 

(a) 15—20 (6) 50—75 

(c) 120—150 (d) 160—200 

26.75. The braking retardation is usually in 
the range 

(a) 0.15 to 0.30 km phps 
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(b) 0.30 to 0.6 km phps 

(c) 0.6 to 2.4 km phps 

(d) 3 to 5 km phps 

( e ) 10 to 15 km phps 

26.76. The rate of acceleration on suburban or 
urban service is in the range 

(а) 0.2 to 0.5 km phps 

(б) 1.6 to 4.0 km phps 

(c) 5 to 10 km phps 

(d) 15 to 25 km phps 

26.77. The coasting retardation is around 
(a) 0.16 km phps (6) 1.6 km phps 
(c) 16 km phps (d) 40 km phps 

26.78. Which of the following track is electri¬ 
fied 

(a) Delhi—Bombay 

( b ) Delhi—Madras 

B. Fill in the Blanks/Say Yes’ or ‘No’: 

26.81. Direct internal combustion engine drive 
is widely employed for road transport. 

(Yes/No) 

26.82. In single phase A.C. system A.C. series 

motors are used for getting the neces¬ 
sary motive power. (Yes/No) 

26.83. The overhead distribution system in 

the case of traction is identical with 
that of power system. (Yes/No) 

26.84. The cost involved in substations in case 

of A.C. traction system is.than in¬ 

volved in D.C. system. 

26.85. Cost of D.C. electrification is.than 

that of A.C. electrification. 

26.86. Steam locomotive gives high rate of 

acceleration. (Yes/No) 

26.87. Weight transfer is a desirable quality. 

(Yes/No) 

26.88. Regenerative braking is more efficient 
and less complicated in D.C. system as 
compared to that with A.C. system. 

(Yes/No) 

26.89. Steam locomotive is used for under¬ 


ground railway. (Yes/No) 

26.90. Steam traction involves . capital 

cost. 


26.91.transformers are necessary in A.C. 

traction to confine the return current 


(c) Delhi—Howrah 

(d) Delhi—Ahmedabad 

26.79. ... ...is the method of braking in which 
motor armature remains connected to 
the supply and draws power from it 
producing torque opposite to the direc¬ 
tion of motion, 

(а) Rheostatic braking 

( б ) Regerative braking 
(c) Plugging 

26.80. F 0 E 6 OO V D.C. line for tramcars, track 

is connected to. 

(а) positive of the supply 

( б ) negative of the supply 

(c) mid voltage of 300 V 

(d) none of the above 


through the rail and return feeder than 
through the ground. 

26.92. Shunt motors are better suited for run¬ 
ning them in parallel mechanically. 

(Yes/No) 

26.93. Increase of motor torque beyond ad¬ 

hesive limit does not increase the trac¬ 
tive effort but causes wheel., on the 

other hand increasing the braking ef¬ 
fort beyond adhesive limit produces 
wheel. 

26.94. Interference with communication sys¬ 
tem is more with A.C. than with D.C. 

(Yes/No) 

26.95. Operating voltage for D.C. traction sys¬ 
tem is. 

26.96. In D.C. traction.type pantograph is 

used. 

26.97. In A.C. traction single ended faivelay 

type pantograph is used. (Yes/No) 

26.98. The pressure between pantograph and 

contact wire, for better current collec¬ 
tion, should be. 

26.99. In A.C. traction. transformers are 

necessary to confine the return current 
through the rails. 

26.100. During notching up the acceleration is 
constant. (Yes/No) 
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26.112. In D.C. traction system negative 

boosters have to be employed to confine 
ground currents to rails. (Yes/No) 

26.113. Initial rush of current on temporary 
interruption of supply is more with 
series motor than with shunt motor. 

(Yes/No) 

26.114. Speed control of motors in A.C. traction 

is difficult and wasteful than that of 
D.C. system. (Yes/No) 

26.115. During coasting the power supply is 

zero. (Yes/No) 

26.116. Maintenance and repair cost of steam 

locomotives is.as compared to that 

of electric locomotives. 

26.117. Power output from the driving axles is 
the product of tractive effort and speed. 
(Yes/No) 

26.118. Braking is followed by coasting. 

(Yes/No) 

26.119. Initial expenditure in steam system is 

.as compared to that in electric 

railway traction. 

26.220. Dead weight is smaller than accelera¬ 
tion weight. (Yes/No) 

ANSWERS 
(Electric Traction) 


A. Choose the Correct Answer : 


26.1. 

(d) 

26.2. 

(d) 


26.3. 

(b) 

26.4. 

(d) 

26.5. 



26.6. 

(b) 

26.7. 

(c) 

26.8. 

(a) 


26.9. 

(a) 

26.10. 

(a) 

26.11. 

(b) 


26.12. 

(c) 

26.13. 

(c) 

26.14. 

(c) 


26.15. 

(i b) 

26.16. 

(c) 

26.17. 

(d) 


26.18. 

(c) 

26.19. 

(d) 

26.20. 

(c) 


26.21. 

(a) 

26.22. 

(d) 

26.23. 

(d) 


26.24. 

(c) 

26.25. 

(a) 

26.26. 

(a) 


26.27. 

(d) 

26.28. 

(b) 

26.29. 

(d) 


26.30. 

(d) 

26.31. 

(d) 

26.32. 

(e) , 


26.33. 

(b) 

26.34. 

(d) 

26.35. 

(c) 


26.36. 

(d) 

26.37. 

(c) 

26.38. 

(b) 


26.39. 

(b) 


26.8 

26.101. In India, steam locomotives use. 

acting reciprocating engines. 

26.102. Steep gradient will involve less energy. 
(Yes/No) 

26.103. The maximum speed attained by the 

vehicle during the run is known as crest 
speed. (Yes/No) 

26.104. During free run speed remains con¬ 
stant. (Yes/No) 

26.105. The co-efficient of adhesion is better in 

steam traction than that in electric 
fraction. (Yes/No) 

26.106. During. the speejd of the train 

decreases. (Yes/No) 

26.107. Coasting period precedes braking. 

(Yes/No) 

26.108. In Kolkata city tramways are still a 
means of public transport. (Yes/No) 

26.109. A diesel engine has an overload bapcity 

of 30% ■' (Yes/No) 

26.110. Least pollution can be expected from 

electric locomotives. : (Yes/No) 

26.111. Staggar in the contact! wire is provided 

to even out the wear on the contact strip 
of pantograph. (Yes/No) 
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ELECTRIC TRACTION 


26 . 


26.40. 

(a) 

26.41. 

(0 

26.42. 

(c) 

26.43. 

(d) 

26.44. 

(d) 

26.45. 

(a) 

16.46. 

(d) 

26.47. 

(d) 

26.48. 

(e) 

26.49. 

(d) 

26.50. 

(d) 

26.51. 

(d) 

26.52. 

(b) 

26.53. 

(e) 

26.54. 

(d) 

26.55. 

(d) 

26.56. 

(b) 

26.57. 

(d) 

26.58. 

(a) 

26.59. 

(c) 

26.60. 

(6) 

26.61. 

(a) 

26.62. 

(b) 

26.63. 

(d) 

26.64. 

(a) 

26.65. 

(b) 

26.66. 

(b) 

26.67. 

(c) 

26.68. 

(c) 

26.69. 

(d) 

26.70. 

(c) 

26.71. 

(c) 

26.72. 

(6) 

26.73. 

(d) 

26.74. 

(b) 

26.75. 

(d) 

26.76. 

(b) 

26.77. 

(a) 

26.78. 

(c) 

26.79. 

(c) 

26.80. 

(b) 




B. Fill in the Blanks/Say ‘Yes’ or ‘No’: 

26.81. Yes 

26.82. Yes 

26.83. No 

26.84. less 

26.85. more 

26.86. No 

26.87. No 

26.88. Yes 

26.89. No 

26.90. less 

26.91. Booster 

26.92. No 

26.93. skidding, slipping 

26.94. Yes 

26.95. 1500 V 

26.96. diamond 

26.97. Yes 

26.98. positive 

26.99. booster 

26.100. Yes 

26.101. double 

26.102. No 

26.103. Yes 
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26.10 ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

26.104. Yes 

26.105. No 

26.106. coasting 

26.107. Yes 

26.108. Yes 

26.109. No 

26.110. Yes 

26.111. Yes 

26.112. Yes 

26.113. Yes 

26.114. No 

26.115. Yes 

26.116. more 

26.117. Yes 

26.118. No 

26.119. less 

26.120. Yes 


□□ 
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Industrial Drives 


27 d. GENERAL ASPECTS 

An electric drive is defined as a form of machine equipment designed to convert electrical energy 
into mechanical energy and provide electrical control of this process. The basic elements of an electric 
drive are the electric motor, the transmission and the electrical control system . Electric drives often 
include conversion equipment (viz. rectifier units, motor-generator sets, frequency chargers etc.) to 
attain smoother and versatile control and make the motor to operate on specific speed-torque 
characteristics. 

Following types of motors are generally used for electric drive : 

(i) D.C. shunt, series and compound motor (ii) Three-phase induction motor 
(Hi) Compensated induction motor (iu) Schrage motor 

(u) Stator-fed commutator motor (ui) Three-phase series motor 

(vii) Synchronous and synchronous induction motor 
(viii) Single phase series motor (ix) Repulsion motor 

(#) Single phase induction motor 

27.2. SELECTION OF ELECTRIC MOTOR FOR ANY APPLICATION 

The selection of an electric motor for any application depends on the following factors : 

I. Electrical Characteristics 
(i) Running characteristics 

(Hi) Speed control 

II. Mechanical Characteristics 
(i) Power transmission 

(Hi) Noise 

III. Size and Rating of motors 

(i) Load cycle 

(a) Continuous 

(b) Intermittent 

(c) Variable 
(ii) Overload capacity 

IV. Cost 
(0 Initial cost 

(Hi) Runningcost 

Characteristics of electric motors is given in Table 27.1. (on next page) 

27.1 
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(ii) Starting characteristics 
(ip) Braking characteristics 

(ii) Cooling 

(in) Type of enclosure 


(ii) Cost of control gear 





Table 27,1. Characteristics of Electric Motors 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 
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27.4 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


For a particular application, the type of electric drive and control gear are determines by the 
following considerations: 

1. Starting torque 2. Duty (whether light, medium, heavy) 

3. Limitations on starting current 4. Speed control range and its nature 

5. Need for automatic control 6. Conditions of environment. 


Application 

1. Machine tools 

2. Rolling mill drives 

3. Kiln drives 


4. Jaw crushers 

5. Belt conveyors 

6. Travelling cranes 

(i) Hoisting and lowering 


(ii) Crane travel 
(Hi) Trolley travel 
(iv) Boom hoist 
7. Compressors 


8. Blowers-Fans 

9. Pumps 

10. Paper industry 

11. Iron and steel industry 

12. Mines 


13. Punches and shears 


Type of Motor Used 

— Squirrel cage motors 

— D.C. motors 

— AC. motors with speed control 

— Slip ring induction motor 

— Three-phased shhnt wound commutator 

motor 

— Cascade controlled A.C. motor 

— Ward Leonard controlled D.C. motor 

— D.C. motor with transformer step switch 

control. 

— Belted slip ring induction motor 

— Double cage induction motor (with direct 

on-line starters) 

— AC. slip ring motor 

— Ward Leonard controlled 

— D.C. shunt motor 

— D.C. compound motor 

— AC. slip ring motor 

— AC. slip ring motor 

— AC. slip ring motor 

— Wound rotor induction motors 

— Synchronous motors 

— Squirrel cage motor (for small compressors) 

— Squirrel cage induction motors 

— Synchronous motors 

— Squirrel cage induction motors 

— Synchronous motors 

— Squirrel cage motors with clutches, slip ring 

— D.C. shunt wound motor with stabilizing, 
compensating and interpole windings 

— Flame proof squirrel cage induction motor 

— slip ring induction motor 

— D.C. motor 

— D.C. cumulative 
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INDUSTRIAL DRIVES 27.? 

w — A.C. slip ring induction motors with flywheel 

14. Textile industry — Three phase AC. motor 

15. Dpmestic use (vacuum cleaners, fans, 

washing machines, refrigerators etc.) — Small universal motor series type 

OBJECTIVE TYPE QUESTIONS 


A. Choose tjie Correct Answer: 

27.1. The selection of an electric motor for 
any application depends on which of 
the following factors ? 

(а) Electrical characteristics 

(б) Mechanical characteristics 
(c) Size and rating of motors 
(gO Cost 

( e ) All of the above 

27.2. For a particular application the type of 
electric ^and control gear are deter¬ 
mined by which of the following con¬ 
siderations ? 

(а) Starting torque 

(б) Conditions of environment 

( c) Limitation on starting current 
id) Speed control range and its nature 
(e) All of the above 

27.3. Which of the following motors is preferred 
for traction work ? 

(а) Universal motor 

(б) D.C. series motor 

(c) Synchronous motor 

(d) Three-phase induction motor 

27.4 Which of the following motors always 
starts on load ? 

(а) Conveyor motor 

(б) Floor mill motor 
(c) Fan motor 

id) All of the above 

27.5 .is preferred for automatic drives. 

(а) Squirrel cage induction motor 

(б) Synchronous motors 

(c) Ward-Leonard controlled D.C. motors 
(cf) Any of the above 

27.6. When the load is above . a syn¬ 

chronous motor is found to be more 
economical. 

(a) 2 kW (b) 20 kW 

(c) 50 kW (d) 100 kW 


27.7. The load cycle for a motor driving a 

power press will be. 

(a) variable load 

(b) continuous 

(c) continuous but periodical 

(d) intermittent and variable load 

27.8. Light duty cranes are used in which of 
the following ? 

(а) Power houses 

(б) Pumping stations 

(c) Automobile workshops 
(cZ) All of the above 

27.9. While selecting an electric motor for a 
floor mill, which electrical characteristics 
will be of least significance ? 

(а) Running characteristics 

(б) Starting characteristics 

(c) Efficiency ■ 

(d) Braking 

27.10. Which of the following motors are pre¬ 
ferred for overhead travelling cranes ? 

(а) Slow speed motors 

(б) Continuous duty motors \ 

(c) Short time rated motors 

(d) None of the above 

27.11. ...... is preferred for synthetic fibre 

mills. 

(а) Synchronous motor 

(б) Reluctance motor 

(c) Series motor 

(d) Shunt motor 

27.12. Ward-Leonard controlled D.C. drives 

are generally used for.excavators. 

(a) Light duty ( b ) Medium duty 

(c) Heavy duty 

(d) All of the above 

27.13. Which of the following motors is used 
forelevators? 
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27.6 

(a) Induction motor 

(b) Synchronous motor 

(c) Capacitor start single phase motor 

( d ) Any of the above 

27.14. Which part of a motor needs maximum 
attention for maintenance ? 

(a) Frame (6) Bearing 

(c) Stator winding 

( d ) Rotor winding 

27.15.need frequent starting and stop¬ 

ping of electric motors. 

(a) Paper mills ( b) Grinding mills 

(c) Air-conditioners 

(d) Lifts and hoists 

27.16. Which feature, while selecting a motor 
for centrifugal pump, will be of least 
significance ? 

(а) Starting characteristics 

(б) Operating speed 

(c) Horse power 

(d) Speed control 

27.17.motor is a constant speed motor. 

(а) Synchronous motor 

(б) Schrage motor 
(c) Induction motor 
(i d ) Universal motor 

27.18. The starting torque in case of centrifugal 
pumps is generally 

(a) less than running torque 

(b) same as running torque 

(c) slightly more than running torque 

(d) double the running torque 

27.19. Which of the following motors are best 
for the rolling mills ? 

(а) Single phase motors 

(б) Squirrel cage induction motors 

(c) Slip ring induction motors 

(d) D.C. motors 

27.20.is not a part of ball bearing ? 

(a) Inner race ( b ) Outer race 

(c) Cage id) Bush 

27.21. The starting torque of a D.C, motor is 
independent of which of the following ? 

(a) Flux 

(b) Armature current 

(c) Flux and armature current 

(d) Speed 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

27.22. Rotor of a motor is usually supported 

on.bearings. 

(a) ball or roller (6) needle 
(c) bush (d) thrust 

27.23. For which of the following applications 
D.C. motors are stiH preferred ? 

(а) High efficiency operation 

(б) Reversibility 

(c) Variable speed drive 

(d) High starting torque 

27.24. In a paper mill where constant speed is 
required 

(a) synchronous motors are preferred 

(b) A.C. motors are preferred 

(c) individual drive is preferred 

(d) group drive is preferred 

27.25. A reluctance motor. 

(a) is provided with slip rings 

( b ) requires starting gear 

(c) has high cost 

(d) is compact 

27.26. The size of an excavator is usually ex¬ 
pressed in terms of 

(a) ‘crowd* motion (6) angle of swing 
(c) cubic metres 
{d) travel in metres 

27.27. For blo/wers which of the following motors 
is preferred ? 

(a) D.C. series motor 

(b) D.C. shunt motor 

(c) Squirrel cage induction motor 

(d) Wound rotor induction motor 

27.28. Belted slip ring induction motor is al¬ 
most invariably used for 

(a) water pumps (6) jaw crushers 

(c) centrifugal blowers 

(d) none of the above 

27.29. Which of the following is essentially 
needed while selecting a motor ? 

(a) Pulley (6) Starter 

(c) Foundation pedal 
{d) Bearings 

27.30. Reluctance motor is a. 

(а) variable torque motor 

(б) low torque variable speed motor 

(c) self starting type synchronous 
motor 

(d) low noise, slow speed motor 
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27.31.method of starting a three phase 

induction motor needs six terminals. 

(a) Star-delta 

(b) Resistance starting 

(c) Auto-transformer 

(d) None of the above 

27.32. In.method of starting three phase 

induction motors the starting voltage is 
not reduced. 

(a) auto-transformer 

(b) star-delta 

(c) slip ring 

(< d ) any of the above 

27.33. In jaw crushers a motor has to often 

start against.load. 

(a) heavy (b) medium 

(c) normal (d) low 

27.34. For a motor-generator set which of the 
following motors will be preferred ? 

(а) Synchronous motor 

(б) Slip ring induction motor. 

(c) Pole changing induction motor 

(d) Squirrel cage induction motor 

27.35. Which of the following motors is usually 
preferred for kiln drives ? 

(а) Cascade controlled A.C. motor 

(б) Slip ring induction motor 

(c) Three phase shunt wound com¬ 
mutator motor 

(d) Any of the above 

27.36. Heat control switches are used in. 

(а) transformers 

(б) cooling ranges 

(c) three phase induction motors 

(d) single phase 

27.37.has relatively wider range of speed 

control. 

(а) Synchronous motor 

(б) Ship ring induction motor 

(c) Squirrel cage induction motor 

( d ) D.C. shunt motor 

27.38. In squirrel cage induction motors which 
of the following methods of starting 
cannot be used ? 

(а) Resistance in rotor circuit 

(б) Resistance in stator circuit 

(c) Auto-transformer starting 

(d) Star-delta starting 


27.39. In which of the foliowmg applications 
the load on motor changes in cyclic 
order ? 

(a) Electric shovels (6) Cranes 

(c) Rolling mills (d) All of the above 

27.40. Flame proof motors are used in 

(a) paper mills (b) steel mills 

(c) moist atmospheres 

{d) explosive atmospheres 

27.41. Which of the following machines has 
heavy fluctuation of load ? 

(a) Printing machine 

(b) Punching machine 

(c) Planer ( d ) Lathe 

27.42. For derries and winches which of the 
following drives can be used ? 

(a) Pole changing squirrel cage motors 

(b) D.C. motors with Ward-leonard con¬ 
trol 

(c) A.C. slip ring motors with variable 
resistance 

(< d ) Any of the above 

27.43. Battery operated scooter for braking 
uses 

(a) plugging 

(b) mechanical braking 

(c) regenerative braking 

(d) rheostatic braking 

27.44 .has least range of speed control. 

(a) Slip ring induction motor 

(b) Synchronous motor 

(c) D.C. shunt motor 

(d) Schrage motor 

27.45 .has the least value of starting torque 

to full load torque ratio. 

(a) D.C. shunt motor 

(b) D.C. series motor 

(c) Squirrel cage induction motor 
((f) Slip ring induction motor 

27.46. In case of.speed control by injecting 

e.m.f. in the rotor circuit is possible. 

(a) d.c. shunt motor 

(b) schrage motor 

(c) synchronous motor 

(d) slip ring induction motor 

27.47. A pony motor is used for the starting 
which of the following motors ? 

(a) Squirel cage induction motor 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


(6) Schrage motor 
(c) Synchronous motor 
(<f) None of the above 

27.48. In . the speed can be varied by 

changing the position of brushes. 

(а) slip ring motor 

(б) schrage motor 

(c) induction motor 

( d ) repulsion motor 

27.49. In which of the following applications 

variable speed operation is preferred ? 

(a) Exhaust fan ( b ) Ceiling fan 

(c) Refrigerator ( d ) Water pump 

27.50. Heavy duty cranes are used in 

(а) ore handling plants 

(б) steel plants 

(c) heavy engineering workshops 

(d) all of the above 

27.51. The travelling speed of cranes varies 
from 

(a) 20 to 30 m/s ( b ) 10 to 15 m/s 
(c) 5 to 10 m/s (d) 1 to 2.5 m/s 

27.52. Besides a constant speed a synchronous 
rotor possesses which of the following 
advantages ? 

(a) Lower cost (6) Better efficiency 
(c) High power factor 
id) All of the above 

27.53. By the use of which of the following 
D.C. can be obtained from AC. ? 

(а) Silicon diodes 

(б) Mercury arc rectifier 
(c) Motor generator set 
(<i) Any of the above 

27.54. Which of the following motors is preferred 
when quick speed reversal is the main 
consideration ? 

(а) Squirrel cage induction motor 

(б) Wound rotor induction motor 
(c) Synchronous motor 

{d) D.C. motor 

27.55. Which of the following motors is preferred 
when smooth and precise speed control 
over a wide range is desired ? 

(a) D.C. motor 

( b ) Squirrel cage induction motor 

(c) Wound rotor induction motor 


(d) Synchronous motor 

27.56. For crane travel which of the following 
motors is normally used ? 

(а) Synchronous motor 

(б) D.C. differentially compound motor 

(c) Ward-Leonard controlled D.C, shunt 
motor 

(d) A.C. slip ring motor 

27.57. The capacity of a crane is expressed in 
terms of 

(a) type of drive (6) span 

(c) tonnes (d ) any of the above 

27.58. The characteristics of drive for crane 
hoisting and lowering are which of the 
following ? 

(а) Precise control 

(б) Smooth movement 

(c) Fast speed control 

(d) All of the above 

27.59. Which of the following motors is preferred 
for boom hoist of a travelling crane ? 

(а) Single phase motor 

(б) Synchronous motor 
(c) A.C. slip ring motor 

{d) Ward-Leonard controlled D.C. shunt 
motor 

27.60. A wound rotor induction motor is 
preferred, as compared to squirrel cage 
induction motor, when mqjor considera¬ 
tion is 

(а) slop speed operation 

(б) high starting torque 

(c) low windage losses 

(d) all of the above 

27.61. Which of the following motors has series 
characteristics ? 

(a) Shaded pole motor 

(b) Repulsion motor 

(c) Capacitor start motor 

(d) None of the above 

27.62. Which of the following happens when 
star-delta starter is used ? 

(a) Starting voltage is reduced 

(b) Starting current is reduced 

(c) Both (a) and (6) 

(d) None of the above 

27.63. For a D.C. shunt motor which of the 
followihg is incorrect 7 
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(a) Unsuitable for heavy duty starting 

( b ) Torque varies as armature current 

(c) Torque-armature current is a straight 
line 

(d) Torque is zero for zero armature 
current 

27.64. For which of the following applications 
motor has to start with high accelera¬ 
tion ? 

(а) Oil expeller 

(б) Floor mill 

(c) Lifts and hoists 

(d) Centrifugal pump 

27.65. Which of the following types of motor 
enclosure is safest ? 

(а) Totally enclosed 

(б) Totally enclosed fan cooled 
(c) Open type 

(i d ) Semi closed 

27.66. While selecting motor for an air con¬ 
ditioner which of the following charac¬ 
teristics is of great importance ? 

(а) Type of bearings 

(б) Type of enclosure 

(c) Noise 

(d) Arrangement for power transmis¬ 
sion 

(e) None of the above 

27.67. The diameter of the rotor shaft for an 


27.68. 


27.69. 


27.70. 


B. Fill in the Blanks/Say Tes’ or ‘No’: 


27.71. 

Electroplating essentially reeds ...... 

current. 

27.78. 

27.72. 

For traction work D.C. shunt motor is 
preferred. (Yes/No) 

27.79. 

27.73. 

Totally enclosed fan cooled type of 
motor enclosure is the safest. 

(Yes/No) 

27.80. 

27.74. 

The capacity of a crane is expressed in 
terms of type of drive. (Yes/No) 

27.81. 

27.75. 

When quick speed reversal is the con¬ 

27.82. 


sideration .motor is preferred. 

27.83. 

27.76. 

In a ball bearing a bush is used. 



(Yes/No) 

27.84. 

27.77. 

The starting torque of a D.C. motor is 
independent of. 



electric motor depends on which of the 
following ? 

(а) r.p.m. only 

(б) Horse power only 

(c) Horse power and r.p.m. 

(d) Horse power, r.p.m. and power factor 

Which of the following alternatives will 
be cheaper ? 

(a) A 100 H.P. A.C. three phase motor 

(b) Four motors of 25 H.P. each 

(c) Five motors of 20 H.P. each 

(d) Ten motors of 10 H.P. each 

The cost of an induction motor will in¬ 
crease as 

(а) horsepower rating increases but 
r.p.m. decreases 

(б) horsepower rating decreases but 
r.p.m. increases 

( c ) horsepower rating and operating 
speed increases 

(g?) horsepower rating and operating 
speed decreases 

In series motor which of the following 
methods can be used for changing the 
flux per pole ? 

(а) Tapped field control 

(б) Diverter field control 

(c) Series-parallel control 

(d) Any of the above 


D.C. series motors are preferred for 


traction work. (Yes/No) 

In overhead travelling cranes.rated 

motors are preferred. 


Bolted slip ring induction motor is al¬ 
most invariably used for water pumps. 

(Yes/No) 

In jaw crushers, a motor has to often 
start against...... load. 

For synthetic fibre mills shunt motor is 
preferred. (Yes/No) 

The size of an excavator is usually ex¬ 
pressed in. 

Star-delta method of starting a three 
phase induction motor needs six ter¬ 
minals. - (Yes/No) 
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27.10 

27.85. A pony motor is used for the starting of 
a ...... motor. 

27.86. Belted wound rotor induction motors 
are preferred for gyratory crushers. 

(Yes/No) 

27.87. The ratio of starting current to full load 
current can be highest in case of pole 
changing induction motor. 

(Yes/No) 

27.88. Flame proof motors are used in. 

atmospheres. 

27.89. A punching machine has heavy 

fluctuation of load. (Yes/No) 

27.90. The resistance of earth wire should be 

. (Yes/No) 

27.91. In automobiles the sound is produced by 

vibrating diaphragm. (Yes/No) 

27.92. The earth wire should not be than a. 

wire. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

27.93. Non-metailic conduits for wiring are 

generally made of. 

27.94. Premature blowing of a fuse may occur 
due to heating at ferrule contacts. 
(Yes/No) 

27.95. Inside the earth or pit, the earthing 

electrode should be placed. 

27.96. Continuous operation of automobile 
horn will damage the operating coil. 

, ' (Yes/No) 

27.97. Ppwer factor in case of reluctance motor 

is nearly unit. (Yes/No) 

27.98. Reluctance motor is a self starting type 

synchronous motor. (Yes/No) 

27.99. Ward-Leonard controlled D.C. drives 

are generally used for heavy duty 
excavators. (Yes/No) 

27.100. operated electromagnet is 

preferred for noiseless operation. 


ANSWERS 
(Industrial Drives) 


A. Choose the Correct Answer : 


27.1. 

(e) 

27.2. (e) 


27.3. 

(b) 

27.4. 

(d) 

27.5. 

(c) 

27.6. 

(d) 

27.7. ( d) 


27.8. 

(d) 

27.9. 

(d) 

27.10. 

(c) 

27.11. 

(b) 

27.12. (c) 


27.13. 

(a) 

27.14. 

(b) 

27.15. 

(d) 

27.16. 

(< d) 

27.17. (a) 


27.18. 

(a) 

27.19. 

(d) 

27.20. 

(d) 

27.21. 

(d) 

27.22. (a) 


27.23. 

(c) 

27.24. 

(c) 

27.25. 

(d) 

27.26. 

(c) 

27.27. (c) 


27.28. 

(b) 

27.29. 

(b) 

27.30. 

(c) 

27.31. 

(a) 

27.32. (c) 


27.33. 

(a) 

27.34. 

(a) 

27.35. 

id) 

27.36. 

(6) 

27.37. (d) 


27.38. 

(a) 

27.39. 

(d) 

27.40. 

(d) 

27.41. 

(b) 

27.42. ( d) 


27.43. 

(b) 

27.44. 

(b) 

27.45. 

(c) 

27.46. 

(d) 

27.47. (c) 


27.48. 

(b) 

27.49. 

(b) 

27.50. 

(d) 

27.51. 

id) 

• 27.52. (c) 


27.53. 

(rf) 

27.54. 

(d) 

27.55. 

(a) 

27.56. 

(d) 

27.57. (c) 


27.58. 

(d) 

27.59. 

(0 

27.60. 

(b) 

27.61. 

(b) 

27.62. (c) 


27.63. 

(a) 

27.64. 

(c) 

27.65. 

(b) 

27.66. 

(c) 

27.67. (c) 


27.68. 

(a) 

27.69. 

(a) 

27.70. 

(d) 

B. Fill in the Blanks/Say ‘Yes’ or ‘No’: 







27.71. 

direct 

27.72. 

No 



27.73. 

Yes 



27.74. 

No 

27.75. 

D.C. 



27.76. 

No 



27.77. 

speed 

27.78. 

Yes 



27.79. 

short-time 


27.80. 

No 

27.81. 

heavy 


27.82. 

No 



27.83. 

cubic meters 

27.84. 

Yes 



27.85. 

synchronous 


27.86. 

Yes 

27.87. 

Yes 



27.88. 

explosive 


27.89. 

Yes 

27.90. 

very 

low 


27.91. 

Yes 



27.92. 

8 SWG 

27.93. 

PVC 



27.94. 

Yes 



27.95. 

vertical 

27.96. 

Yes 



27.97. 

No 



27.98. 

Yes 

27.99. 

Yes 



27.100. 

D.C. 
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Electric Heating and Welding 


28.1. INTRODUCTION 

Heating is required for : 

(i) Domestic purposes 

— cooking 

— heating of buildings etc. 

(ii) Industrial purposes 

— melting of metals 

— heat treatment processes 

— drying 

— welding etc. 

Practically all the heating requirements can be met by some form of electric heating equip¬ 
ment. 

28.2. ADVANTAGES OF ELECTRIC HEATING 

The main advantages of electric heating over other systems of heating (gas, coal, or oil heating) 
are as follows : 

1. The electric heating system is free from dirt. 

2. The system does not produce any flue gas. 

3. Both the installation and maintenance cost of electric furnaces are much less, 

4. The overall efficiency of electric heating is much higher. 

5. Simple and accurate temperature control can be made either by manual or fully automatic 
switches. 

6. Against over currents or overheating automatic projection can be done accurately with the 
help of suitable switchgears. 

7. Special type of heating can be done very accurately by electric heating system. 

28.3. HEATING ELEMENTS OF ELECTRICAL HEATING SYSTEMS 

Materials of heating elements 

The materials which are generally used for heating elements in the electrical heating system 
are as follows : 

(i) Alloys of nickel and chromium (Ni = 80%, Cr = 20%) 

(ii) Alloys of nickel, chromium and iron (Ni = 65%, Cr = 15%, and Fe = 20%) 

28.1 
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28.2 ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

Main properties of heating elements 

1. The specific resistance of the heating element should be high. 

2. The melting point of the material should be high. 

3. The material of the heating element should not be oxidised at the required temperature. 

4. The temperature co-efficient of the material should be low so that the resistance may not 
vary with the change in temperature. 

28.4. METHODS OF TEMPERATURE CONTROL IN THE ELECTRICAL HEATING 

In electrical heating, the different methods of temperature control are as follows : 

1. Use of variable number of heating elements. 

2. By varying the external resistance which is connected in series with the heating circuit. 

3. By varying the transformer-tappings. 

4. Change of arrangement of electrical connections of the heating elements. For example, 
series, parallel, series-parallel, star, delta. 

28.5. TYPES OF ELECTRIC HEATING 

The different types of electric heating 
follows: 

1. Direct-Resistance heating 
3. Direct-Induction heating 

5. Dielectric heating 

28.6. WELDING 

Definition. Welding is the method ofjoining metals by the application of heat, without the use 
of solder or any other metal or alloy having a lower melting point than the metals being joined 

Welding Processes 

These may be divided into two main groups : 

1. Pressure welding 

2. Fusion welding. 

Electrical Welding Methods 

The electrical welding methods which are used in the industry are as follows : 

1. Resistance welding 

(i) Butt welding (ii) Spot welding 

(Hi) Seam welding (iu) Fteish welding 

(u) Projection welding 

2. Arc welding 

(i) Metal arc (ii) Carbbn arc 

(Hi) Helium or argon arc (iv) Atomic hydrogen. 

Resistance welding. In resistance welding current is passed through the joint which is to 
be welded. The heat is developed by the resistance of the joint and that is enough for causing fusion 
of the metals for joining. 

Arc welding. In arc welding heat is developed from an arc which is struck between the 
electrode and metal to be welded. In case of D.C. for producing arc 30 to 50 volts are needed whereas 
in case of AC. 60 to 90 volts are necessary for striking the arc. Following equipment is used : 
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which are generally used in the industry are as 

2. Indirect-Resistance heating 
4. Indirect-Induction heating 
6. Electric arc heating. 
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ELECTRIC HEATING AND WELDING 


28.3 . 


1. D.C. equipment. Motor-generator set-Rectifier supply 

2. A. C. equipment. Single operator type-Multiple type 

3. Engine driven equipment. When mains supply is not available D.C. generators are used 
which are driven by internal combustion engines. 

OBJECTIVE TYPE QUESTIONS 

A. Choose the Correct Answer : 


28.1. Which of the following is an advantage 
of heating by electricity ? 

(a) Quicker operation 

(b) Higher efficiency 

(c) Absence of flue gases 
id) All of the above 

28.2.has the highest value of thermal 

conductivity. 

(a) Copper ( b ) Aluminium 

(c) Brass (d) Steel 

28.3. Which of the following heating methods 
has maximum power factor ? 

(a) Arc heating 

(b) Dielectric heating 

(c) Induction heating 

(d) Resistance heating 

28.4 .method has leading power factor 

(а) Resistance heating 

(б) Dielectric heating 

(c) Arc heating 

(d) Induction heating 

28.5 .is used for heating non-conducting 

materials. 

(a) Eddy current heating 

(b) Arc heating 

(c) Induction heating 

(d) Dielectric heating 

28.6. Which of the following methods of heat¬ 
ing is not dependent on the frequency 
of supply ? 

(а) Induction heating 

(б) Dielectric heating 

(c) Electric resistance heating 

(d) All of the above 

28.7. When a body reflects entire radiation 
incident on it, then it is known as 

(a) white body (6) grey body 


(c) black body 

(d) transparent body 
For the transmission of heat from one 
body to another 

(а) temperature of the two bodies must 
be different 

(б) both bodies must be solids 

(c) both bodies must bei in contact 

(d) at least one of the bodies must have 
seme source of heating 

28.9. Heat transfer by condition will not 
occur when 

(а) bodies are kept in vacuum 

(б) bodies are immersed in water 

(c) bodies are exposed to thermal 
radiations 

(d) temperatures of the two bodies are 
identical 

28.10. A perfect black body is one that 

(а) transmits all incident radiations 

(б) absorbs all incident radiations 

(c) reflects all incident radiations 

(d) absorbs, reflects and transmits all 
incident radiations 

28.11. Heat is transferred simultaneously by 
condition, convection and radiation 

(а) inside boiler furnaces 

(б) during melting of ice 

(c) through the surface of the insulted 
pipe carrying steam 

(d) from refrigerator coils to freezer of 
a refrigerator 

28.12. The process of heat transfer during the 
re-entry of satellites and missiles, at 
very high speeds, into earth's atmos¬ 
phere is known as 

(a) ablation (b) radiation 
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28.4 ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


(c) viscous dissipation 

(d) irradiation 

28.13. Which of the following has the highest 
value of thermal conductivity ? 

(a) Water (fc) Steam 

(c) Solid ice (cO Melting ice 

28.14. Induction heating process is based on 
which of the following principles ? 

(а) Thermal ion release principle 

(б) Nucleate heating principle 

(c) Resistance heating principle 

(d) Electro-magnetic induction princi¬ 
ple 

28.15. Which of the following insulating materials 
is suitable for low temperature applica¬ 
tions ? 

(a) Asbestos paper 

(b) Diatomaceous earth 

(c) 80 percent magnesia 

(d) Cork 

28.16. A non-dimensional number generally 
associated with natural convection heat 
transfer is 

(a) Prandtl number 

(b) Grashoff number 

(c) Pecelet number 
{d) Nusselt number 

28.17. The temperature inside a furnace is 
usually measured by which of the fol¬ 
lowing ? 

(a) Optical pyrometer 

(b) Mercury thermometer 

(c) Alcohol thermometer 
(c0 Any of the above 

28.18. Which of the following will happen if 
the thickness of refractory wall of fur¬ 
nace is increased ? 

(а) Heat loss through furnace wall will 
increase 

(б) Temperature inside the furnace 
will fall 

(c) Temperature on the outer surface of 
furnace walls will drop 

(d) Energy consumption will increase 

28.19. The material of the heating element for 
a furnace should have 

(a) lower melting point 

(b) higher temperature co-efficient 


(c) high specific resistance 

(d) all of the above 

28.20. In a resistance furnace the atmosphere 

is. 

(a) oxidising (6) deoxidising 

(c) reducing (d) neutral 

28.21. By which of the following methods the 
temperature inside a resistance fur¬ 
nace can be varied ? 

(а) By disconnecting some of the heat¬ 
ing elements 

(б) By varying the operating voltage 
(c) By varying the current through 

heating elements 
C d ) By any of the above method 

28.22. In induction heating.is abnormally 

high. 

(a) phase angle (b) frequency 

(c) current (d) voltage 

28.23. By the use of which of the following, 
high frequency power supply for induc¬ 
tion furnaces can be obtained ? 

(а) Coreless transformers 

(б) Current transformers 

(c) Motor-generator set 

(d) Multi-phase transformer 

28.24. Induction furnaces are employed for 
which of the following ? 

(а) Heat treatment of castings 

(б) Heating of insulators 
(c) Melting aluminium 

(i d ) None of the above 

28.25. In an electric room heat convector the 
method of heating used is 

(а) arc heating 

(б) resistance heating 

(c) induction heating 

(d) dielectric heating 

28.26. In a domestic cake baking oven the 
temperature is controlled by 

(a) voltage variation 

(b) thermostat 

(c) auto-transformer 

(cO series-parallel operation 

28.27. In an electric press mica is used 

(а) as an insulator 

(б) as a device for power factor im¬ 
provement 
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ELECTRIC HEATING AND WELDING - 28.5 


(c) for dielectric heating 

(d) for induction heating 

28.28. Induction heating takes place hatwhich 
of the following ? 

(а) Insulating materials 

(б) Conducting materials which are 
magnetic 

(c) Conducting materials which hre 
non-magnetic 

( d ) Conducting materials which may or 
may not be magnetic 

28.29. For heating element high resistivity 
material is chosen to 

(а) reduce the length of heating ele¬ 
ment 

(б) increase the life of the heating ele¬ 
ment 

(c) reduce the effect of oxidation 

(d) produce large amount of heat 

28.30. In resistance heating highest working 
temperature is obtained from heating 
elements made of...... 

(a) nickel copper ( b ) nichrome 
(c) silicon carbide (d) silver 

28.31. For intermittent work which of the fol¬ 
lowing furnaces is suitable ? 

(а) Indirect arc furnace 

(б) Core less furnace 

(c) Either of the above 

(d) None of the above 

28.32. Due to which of the following reasons it 
is desirable to have short arc length ? 

(a) To achieve better heating 

(b) To increase the life ofro of refractory 

(c) To have better stirring action 

(d) To reduce problem of oxidation 

( e ) All of the above 

28.33. In the indirect resistance heating method, 

maximum heat-transfer takes place by 
(a) radiation ( b ) convection 

(c) conduction ( d ) any of the above 

28.34. Property of low temperature co-efficient 
of heating element is desired due to 
which of the following reasons ? 

(а) To avoid initial rush of current 

(б) To avoid change in kW rating with 
temperature 


(c) Both (a) and (6) 

( d ) Either (a) or (6) 

28.35. Which of the following methods is used 
to control temperature in resistance 
furnaces ? 

(а) Variation of resistance 

(б) Variation of voltage / 

(c) Periodical switching on and off of 

the supply / 

(d) All of the above methods 

28.36. It is desirable to operate the arc fur¬ 
naces at power factor of 

(a) zero (6) 0.707 lagging 

(c) unity (d) 0.707 leading 

28.37. Radiations from a black body are 
proportional to 

(a) T (b) T 2 

(c) T 3 (d) T 4 

28.38. In arc furnace the function of choke is 

(а) to stabilize the arc 

(б) to imprpve, power factor 

(c) to reduce severity of the surge 

(d) none of the above 

28.39. Ajax Wyatt furnace is started when 

(а) it is filled below core level 

(б) it is filled above core level 

(c) it is fully empty 

(d) none of the above 

28.40. In electric press, mica is used because 

it is.conductor of heat but/and. 

conductor of electricity. 

(a) bad, good (6) bad, bad 

(c) good, bad (d) good, good 

28.41. Resistance variation method of tempera¬ 
ture control is done by connecting resis¬ 
tance elements in 

(a) series (6) parallel 

(c) series-parallel connections 

(d) star-delta connections 

(e) all of, the above ways 

28.42. Hysteresis loss and eddy current loss 
are used in 

(а) induction heating of steel 

(б) dielectric heating 

(c) induction heating of brass 

(d) resistance heating 

28.43. In heating the ferromagnetic material 
by induction heating, heat is produced 
due to 
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28.6 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


(a) induced current flow through the 
charge 

(b) hysteresis loss taking place below 
curie temperature 

(c) due to hysteresis loss as well as 
eddy current loss taking place in the 
charge 

(d) none of the above factors 

28.44. Radiant heating is used for which of the 
following ? 

(a) Annealing of metals 

(b) Melting of ferrous metals 

(c) Heating of liquids in electric kettle 

(d) Drying of paints and varnishes 

28.45. Which of the following devices is neces¬ 
sarily required for automatic tempera¬ 
ture control in a furnace ? 

(а) Thermostat 

(б) Thermocouple 

(c) Auto-transformer 

(d) Heating elements of variable resis¬ 
tance material 

28.46. For radiant heating around 2250°C, 
the heating elements are made of 

(a) copper alloy (6) carbon 


(c) thngsten alloy 

(d) stainless steel alloy 

28.47. Which of the following is an advantage 
of eddy curreht heating ? 

(а) The amount of heat generated can 
be controlled accurately 

(б) Heat at very high rate can be gene¬ 
rated 

(c) The area of the surface over which 

heat is produced can be accurately 
controlled .' 

(d) All of the above 

28.48. The electrode of a direct arc furnace is 
made of 

(a) tungsten ( b ) graphite 

(c) silver (d) copper 

28.49. Direct arc furnaces have which of the 
following power factors ? 

(a) Unity (6) Low, lagging 

(c) Low, leading 

(d) Any of the above 

28.50. In direct arc furnace, which of the fol¬ 
lowing has high value ? 

(a) Current (b) Voltage 

(c) Power factor (d) All of the above 


WELDING 


28.51. During resistance welding heat produced 
at the joint is proportional to 

ia) I 2 R (6) kVA 

(c) current (d) voltage 

28.52. Grey iron is usually welded by . 

welding 

(a) gas (6) arc 

(c) resistance (d) MIG 

28.53. The metal surfaces, for electrical resis¬ 
tance welding must be. 

(a) lubricated ( b ) cleaned 

(c) moistened (d) rough 

28:54. In a welded joint poor fusion is due to 
which of the following ? 

(а) Improper current 

(б) High welding speed 

(c) Uncleaned metal surface 

(d) Lack of flux 

28.55. For arc welding, D.C, is produced by 
which of the following ? 

(a) Motor-generator set 


(6) Regulator 

(c) Transformer 

(d) None of the above 

28.56.welding process uses consumable 

electrodes. 

(a) TIG (6) MIG 

(c) Laser (d) All of the above 

28.57. Which of the following equipment is 
generally used for arc welding ? 

(а) Single phase alternator 

(б) Two phase alternator 

(c) Three phase alternator 

(d) Transformer 

28.58. Which of the following is not an inert 
gas? 

(a) Argon (6) Carbondioxide 

(c) Helium (d) All of the above 

i 

28.59. Electronic components are joined by 
which of the following methods ? 

(a) Brazing (6) Soldering 
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ELECTRIC HEATING AND WELDING 

(c) Seam welding (d) Spot welding 
(e) None of the above 

28 60. Resistance welding cannot be used for 

(а) dielectrics 

(б) ferrous materials 

(c) non-ferrous metals 

(d) any of the above 

28.61. Electric arc welding process produces 
temperature upto 
(a) 1000°C (6) 1500°C 

(c) 3500°C (d) 5550°C 

28 62. Increased heat due to shorter arc is 
harmful on account of 

(а) under-cutting of base material 

(б) bum through 

(c) excessive porosity 

(d ) all of the above 

28.63. Arc blow results in which of the follow- 
ingf 

(а) Non-uniform weld beads 

(б) Shallow weld puddle giving rise to 
weak weld 

(c) Splashing out of metal from weld 
puddle 

(d) All of the above defects 

28.64. In seam welding 

(а) the work piece is fixed and disc 
electrodes move 

(б) the work piece moves but rotating 
electrodes are fixed 

(c) any of the above 

(d) none of the above 

28.65. In arc welding major personal hazards 
are 

(а) flying sparks 

(б) weld spatter 

(c) harmful infrared and ultra-violet 
rays from the arc 

(d) all of the above 

28.66. In spot welding composition and thick¬ 
ness of the base metal decides 

(а) the amount of squeeze pressure 

(б) hold time 

(c) the amount of weld current 

(d) all above 

28.67. Helium produces which of the following ? 

(а) Deeper penetration 

(б) Faster welding speeds 


28.7 

(c) Narrower heat affected zone in base 
metal 

(d) All of the above 

28.68. Due to which of the following reasons 
aluminium is difficult to weld ? 

(a) It has an oxide coating 

(b) It conducts away heat very rapidly 

(c) Both (a) and ( b ) 

(d) None of the above 

28.69. Welding leads have 

(a) high flexibility 

( b) high current handling capacity 

(c) both (a) and ( b ) 

(d) none of the above 

28.70. Air craft body is 

(a) spot welded (b) gas welded 

(c) seam welded (d) riveted 

28.71. For arc welding current range is usual- 

ly 

(a) 10 to 15 A (6) 30 to 40 A 

(c) 50 to 100 A ( d) 100 to 350 A 

28.72. Spot welding is used for 

(a) thin metal sheets 

(b) rough and irregular surfaces 

(c) costings only 

(d) thick sections 

28.73. Galvanising is a process of applying a 
layer of 

(a) aluminium (6) lead 

(c) copper (d) zinc 

28.74. A seamless pipe has 

(а) steam welded joint 

(б) spot welded joint 

(c) arc welded joint 

(d) no joint 

28.75. Motor-generator set for D.C. arc weld¬ 
ing has generator of 

(a) series type (6) shunt type 

(c) differentially compound type 

(d) level compound type 

28.76. Plain and butt welds may be used on 
materials upto thickness of nearly 

(a) 5 mm (6) 10 mm 

(c) 25 mm (d) 50 mm 

28.77. In argon arc welding argon is used as a 

(a) flux (6) source of heat 

(c) agent for heat transfer 

(d) shield to protect the work from 
oxidation 
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28.8 

28.78. During arc welding as the thickness of 
the metal to be welded increases 

(а) current should decrease, voltage 
should increase 

(б) current should increase, voltage 
remaining the same 

(c) current should increase, voltage 
should decrease 

(<d) voltage should increase, current- 
remaining the same 

28.79. In D.C. arc welding 

(a) electrode is made positive and work- 
piece negative 

(b) electrode is made negative and 
workpiece positive 

(c) both electrode as well as workpiece 
are made positive 

(d) both electrode as well as workpiece 
are made negative 

28.80. The purpose of coating on arc welding 
electrodes is to 

(а) stabilise the arc 

(б) provide a protecting atmosphere 

(c) provide slag to protect the molten 
metal 

(d) all of the above 

28.81. 50 percent duty cycle of a welding 
machine means 

(а) machine input is 50 percent of rated 
injDut 

(б) machine efficiency is 50 percent 

(c) machine works on 50 percent out¬ 
put 

(d) machine works for 5 minutes in a 
duration of 10 minutes 

28.82. During carbon arc welding if electrode 
is connected to positive 

(a) arc will be dull 

(b) arc will not strike 

(c) metal will not melt 

(d) carbon will have tendency to go into 
the weld joint 

28.83. In which of the following methods of 
welding the molten metal is poured for 
joining the metals ? 

(а) Thermit welding 

(б) Gas welding' 

(c) TIG welding ( d ) Arc welding 


ELECTRICAL ENGINEERING^(OBJECTIVE TYPE) 

28.84. In atomic hydrogen weldingthe electrode 
is made of 

(a) carbon (6) graphite 

(c) tungsten (d) mild steel 

28.85. The porosity of welded joint may be 
caused by 

(a) low welding current 

(b) incorrect size of electrode 

(c) poor base metai 
{d) any of the above 

28.86. In electrical resistance welding the 
greatest resistance is offered by which 
of the following ? 

(a) Metal surface 

(b) Contact point of electrode with metal 
top 

(c) Contact point of electrode with metal 
bottom 

(d) Contact layer of metals to be welded 

28.87. The tips of the electrodes, for spot weld¬ 
ing, are made of 

(a) copper alloy (6) porcelain 

(c) mica (d) carbon 

28.88. During spot welding the current flows 
for 

(а) fraction of a minute to several minutes 

(б) fraction of a second to several seconds 

(c) few milliseconds 

(d) few microseconds 

28.89.welding is not a resistance welding 

process. 

(a) Projection (b) Seam 

(c) Flush (d) Carbon arc 

28.90. The power factor of a spot welding 
machine is expected to be around 

(a) Unity (6) 0.8 lagging 

(c) 0.3 to 0.5 lagging 

(d) 0.8 leading 

28.91. Which of the toll* wing methods is nor¬ 
mally not preferred for welding of 
chromium molyblenum steels ? 

(а) Oxyacetylene welding 

(б) Resistance welding 

(c) Thermit welding 

(d) Submerged arc welding 

28.92. The welding of aluminium alloy entails 
which of the following problems ? 

(a) High thermal conductivity-quick 
dissipating heat 
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28.9 


28.93. 


28.94. 


28.95. 


28.96. 


28.97. 


28.98. 


28.99. 


28.100. 


(b) On melting becomes thin liquid- 
tendency to run off 

(c) Low specific resistance requiring 
heavy current 

(d) All of the above 
During carbon arc welding 

(a) electrode is connected to neutral if 
A.C. is used 

(b) electrode is not connected to any 
voltage source when A.C. is used 

(c) electrode is negative with respect to 
the work if D.C. is used 

(d) electrode is positive with respect to 
the work if D.C. is used 

In welding weld spatter defect is gene¬ 
rally the result of 

(а) too high voltage during welding 

(б) too high current during welding 

(c) low voltage during welding 

(d) low current during welding 
Arc blow (a welding defect) is generally 
encountered in 

(a) arc welding using A.C. current 

(b) arc welding using D.C. current 

(c) thermit welding 

(d) gas welding 

Steel pipes are manufactured by 

(a) argon arc welding 

(b) thermit welding 

(c) resistance welding 28.106. 

(d) arc welding 

A rectifier for welding has voltage/cur¬ 
rent characteristic as 

(a) static (6) variable 28.107. 

(c) drooping (d) rising 

Which of the following is net a welding 
accessory ? 

(a) Hand screen (6) Cable 

(c) Electrode holder 

(d) Gloves 28.108. 

Grey iron is usually welded by 

(a) Gas welding (6) TIG welding 
(c) MIG welding (d) Arc welding 
The welding load is always 28.109. 

(a) continuous but varying 

(b) continuous and constant 

(c) intermittent 

(d) none of the above 


28.101. 


28.102. 


28.103. 


28.104. 


28.105. 


TIG welding is 

(а) thorium iodine gas welding 

(б) thermally induced gas welding 

(c) temperature insulated gas welding 

(d) tungsten inert gas welding 
Flux used in TIG welding is 

(a) borax 

(b) ammonium chloride 

(c) ash (d) none 

For the welding of aluminium alloys 
which of the following methods would 
you recommend ? 

(a) Acetylene-oxygen gas welding 

(b) D.C. arc welding 

(c) A.C. arc welding 

(d) Tungsten arc welding 

Which of the following automatic weld¬ 
ing processes is likely to give maximum 
rate of metal deposition ? 

(a) Continuous flux covered electrode 

(b) Multiple power submerged arc 

(c) Gas shielded bare wire 

(d) Submerged arc (single wire) 

A10 SWG electrode usually operates in 
the current range 

(а) 300 to 400 amperes 

(б) 95 to 135 amperes 

(c) 50 to 65 amperes 

(d) 20 to 30 amperes 

Which of the following electrodes will 
have least diameter ? 

(a) 20 SWG (6) 16 SWG 

(c) 14 SWG (d) 4 SWG ' 

The danger of shock is maximum 

(а) before welding 

(б) after arcing 

(c) during arcing 

(d) while inserting electrode into the 
holder 

The welding electric circuit is 

(а) never earthed 

(б) always earthed 

(c) through cables only 
Steel rails are welded by 

(а) Gas welding 

(б) Thermit welding 

(c) Resistance welding 

(d) Argon arc welding 
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28.110. In ultrasonic welding the frequency 
range is generally 
(a) 2000 to 3000 Hz 

B.JFill in the Blanks/Say ‘Yes’ or ‘No’ : 


(6) 4000 to 20000 Hz 

(c) 30000 to 40000 Hz 

(d) 50000 to 80000 Hz 


28.111. 

28.112. 

28.113. 

28.114. 

28.115. 

28.116. 

28.117. 

28.118. 

28.119. 

28.120. 


Heating element in an incandescent 
lamp is of.. 

Eddy current heating is suitable for 
hardening. 

(Yes/No) 

Only insulating material is heated by 
dielectric heating. 

(Yes/No) 

Indirect arc furnaces are usually made 
in.sizes than direct arc furnaces. 

Indirect arc furnaces are usually of 
single phase type and direct arc 
furnaces are usually of thrree phase 
type. 

(Yes/No) 

Heat produced in dielectric heating is 

directly proportional to.and square 

of. 

Rheostat wire is made up of tungsten. 

(Yes/No) 

Heating elements used in household 
appliances are made of nichrome. 

(Yes/No) 

Stirring action by rocking the furnace is 

achieved iq.phase arc furnace and 

by electro-magnetic force is achieved in 

.phase arc furnace. 

Heat transfer by conduction will not 


occur when temperatures of the two 
bodies are identical. 

(Yes/No) 

28.121. In case of boiler furnaces heat is 
transferred by all the three modes, viz. 
conduction, convection and radiation. 

(Yes/No) 

28.122. A perfect black body is one that reflects 
all incident radiations. 

(Yes/No) 

28.123. Nichrome can be used for furnace 
temperatures upto 1000°C. 

(Yes/No) 

28.124. Grey iron is usually welded by. 

welding. 

28.125. For spot welding the tips of the 

electrodes are made of.alloy. 

28.126. In.welding teh molten metal in 

poured for joining the metals. 

28.127. The porosity of the welded joint may be 
caused by poor base metal. 

(Yes/No) 

28.128. The range of open circuit voltage for arc 
welding is generally 40—90 V. 

(Yes/No) 

28.229. Spot welding is used for this metal 
sheets. 

(Yes/No) 

28.230. Resistance welding cannot be used for 
dielectrics. 

(Yes/No) 


ANSWERS 

(Electric Heating and Welding) 


A. Choose the Correct Answer : 

28.1. {d) 28.2. (a)' 


28.3. (d) 
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28.4. 

(b) 

28.5. 

(d) 

28.6. 

(c) 

28.7. 

(a) 

28.8. 

(a) 

28.9. 

(« d) 

28.10. 

(b) 

28.11. 

(a) 

28.12. 

(a) 

28.13. 

(c) 

28.14. 

(d) 

28.15. 

(b) 

28.16. 

(b) 

28.17. 

(a) 

28.18. 

(c) 

28.19. 

(c) 

28.20. 

(a) 

28.21. 

(<d) 

28.22. 

(b) 

28.23. 

(c) 

28.24. 

(a) 

28.25. 

(b) 

28.26. 

id) 

28.27. 

(a) 

28.28. 

(d) 

28.29. 

(a) 

28.30. 

(c) 

28.31. 

(a) 

28.32. 

(e) 

28.33. 

(a) 

28.34. 

(c) 

28.35. 

id) 

28.36. 

(6) 

28.37. 

(d) 

28.38. 

(a) 

28.39. 

(6) 

28.40. 

(c) 

28.41. 

(e) 

28.42. 

(a) 

28.43. 

(c) 

28.44. 

(d) 

28.45. 

(b) 

28.46. 

(c) 

28.47. 

(d) 

28.48. 

(b) 

28.49. 

(b) 

28.50. 

(a) 

28.51. 

(a) 

28.52. 

(a) 

28.53. 

(b) 

28.54. 

(a) 

28.55. 

(a) 

28.56. 

(b) 

28.57. 

(d) 

28.58. 

(b) 

28.59. 

(b) 

28.60. 

(a) 

28.61. 

(d) 

28.62. 

(d) 

28.63. 

(d) 

28.64. 

(c) 

28.65. 

(d) 

28.66. 

(d) 

28.67. 

(d) 

28.68. 

(c) 

28.69. 

(c) 

28.70. 

id) 

28.71. 

(d) 

28.72. 

(a) 

28.73. 

(d) 

28.74. 

(d) 

28.75. 

(d) 

28.76. 

(c) 

28.77. 

(d) 

28.78. 

(b) 

28.79. 

(b) 

28.80. 

(d) 

28.81. 

(d) 

28.82. 

(d) 

28.83. 

(a) 

28.84. 

(c) 

28.85. 

(c) 

28.86. 

(d) 

28.87. 

(a) 

28.88. 

(b) 

28.89. 

(d) 

28.90. 

(c) 

28.91. 

(b) 

28.92. 

(d) 

28.93. 

(c) 

28.94. 

(b) 

28.95. 

(b) 

28.96. 

(c) 

28.97. 

(c) 

28.98. 

(b) 

28.99. 

(a) 

28.100. 

(c) 

28.101. 

(d) 

28.102. 

(d) 


28 . 
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28.103. 

(cl) 

28.104. 

(b) 

• 28.105. (6) 

28.106. 

(a) 

28.107. 

(d) 

28.108. (6) 

28.109. 

(b) 

28.110. 

(b) 



Fill in the Blanks/Say ‘Yes’ 

or ‘No’ : 




28.111. 

tungsten 

28.112. 

Yes 

28.113. 

Yes 

28.114. 

smaller 

28.115. 

Yes 

28.116. 

frequency voltage 

28.117. 

No 

28.118. 

Yes 

28.119. 

single, three 

28.120. 

Yes 

28.121. 

Yes 

28.122. 

No 

28.123. 

Yes 

28.124. 

gas 

28.125. 

copper 

28.126. 

thermit 

28.127. 

Yes 

28.128. 

Yes 

28.129. 

Yes 

28.130. 

Yes. 




□□ 
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Illumination 


29.1* DEFINITIONS 

1. Light. It is defined as the radiant energy from a hot-body which produces the visual 
sensation upon the human eye. It is expressed in lumen-hours. 

Note. Illumination differs from light very much, though generally these terms are used more or less 
synonymously. Strictly speaking light is the cause and illumination is the result of the light on the surfaces on 
which it falls. Thus the illumination makes surfaces more or les3 bright with a certain colour and it is this 
brightness and colour which the eye sees and interprets as something useful or pleasant or otherwise. 

2 . Luminous Flux. The total quantity of light energy emitted per second from a luminous 
body is called luminous flux.. It is measured in lumens. 

3. Luminous Intensity. Luminous intensity in a given direction is the luminous flux emitted 
by the source per unit solid angle. 

4. Lumen. It is the unit of luminous flux and is defined as the amount of luminous flux given 
out in a space represented by one unit of solid angle by a source having an intensity of one candle 
power in all directions. 

Thus, lumens = candle power x solid angle 

5. Candle Power. It is defined as the number of lumens emitted by a source in a unit solid 
angle in a given direction. 

6. Illumination. It is the luminous flux received by a surface per unit area. The unit is lux 

or metre-candle. 

7. Brightness. It is the luminous intensity per unit projected area of the surface in a given 
direction. 

8. Mean Horizontal Candle Power (M.H.C.P.). It is defined as the mean of candle power 
in all directions in the horizontal plane containing the source of light. 

9. Mean Spherical Candle Power (M.S.C.P.). It is defined as the mean of candle powers 
in all directions and in all planes from the source of light. 

10. Mean Hemi-Spherical Candle Power. It is defined as the mean of all candle powers in 
all directions above or below the horizontal plane passing through the source of light. 

11. Lamp Efficiency. It is defined as the ratio of the luminous flux to the power input. It is 
expressed in lumens per watt. 

12. Space-height Ratio. It is defined as the ratio of horizontal distance between adjacent 
lamps and height of their mountings. 

13. Utilisation Factor. The ratio of total lumens reaching the working plane to tptal lumens 
given out by the lamp is called utilisation factor (or co-efficient of utilisation). 

29.1 
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29.2 ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

14. Solid Angle. It is the angle generated by the surface passing through the point in space 
and the periphery of the area. Solid angle is denoted by (o, expressed in steradians and is given by 
the ratio of the area of the surface to the square of the distance between the area and the point. 

29.2. LAWS OF ILLUMINATION 

The two laws of illumination are : 

1. Law of Inverse Squares. The illumination of a surface is inversely proportional to the 
square of the distance between the surface and the light source provided that the distance between 
the surface and the source is sufficiently large so that source can be regarded as a point source. 

2. Lambert’s Cosine Law. According to this law the illumination at any point on a surface 

is proportional to the cosine of the angle between the normal at that point and the direction of luminous 
flux . 

29.3. TYPES OF ELECTRIC LAMPS 

The various types of electric lamps in common use are : * 

1. Arc lamps 

(t) Carbon arc lamp (ii) Flame arc lamp 

(Hi) Magnetic arc lamp 

2. Incandescent lamps 

3. Gas filled lamps 

4. Gaseous discharge lamps 

(i) Sodium vapour lamp (ii) High pressure mercury vapour lamp 

(Hi) Neon lamp 

29.4. TYPES OF LIGHTING SYSTEMS 

1. Direct lighting. In this system more than 90% of total light flux is made to fall directly on 
the working plane with the help of deep reflectors. It is mainly used for industrial and general outdoor 
lighting. 

2 . Semi-direct lighting. In this system 60 to 90% of the total flux is made to fall downwards 
directly with the help of semi-direct reflectors, remaining light is to be used to illuminate the ceiling 
and the walls. 

3. Semi-indirect lighting. In this systeni 60 to 90% of total light flux is thrown upwards to 
the ceiling for diffuse reflection and the rest reaches the working plane directly except for some 
absorption by the bowl. It is mainly used for indoor light decoration purposes. 

4. Indirect lighting. In this system more than 90% of total light flux is thrown upwards to 
the ceiling for diffuse reflection by using inverted or bowl reflectors. 

5. General reflection. In this lighting system lamps made of diffusing glass are used which 
give nearly equal illumination in all directions. 

.'29.5. DESIGN OF LIGHTING SCHEMES 

The lighting scheme should possess the following characteristics : 

1. It should provide adequate illumination. 

2. It should provide light distribution all over the working plane as uniform as possible. 

3. It should avoid glare and hard shadows as far as possible. 

4. It should provide light of suitable colour. 
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ILLUMINATION 29.3 

While designing the lighting scheme the following factors should be considered : 

1. Illumination level 2. Uniformity of illumination 

3. Colour of light 4. Shadows 

5. Glare 6. Mounting height 

7. Spacing of luminaires 8. Colour of surrounding walls. 

29.6. METHODS OF LIGHTING CALCULATIONS 

Out of several methods employed for lighting calculations some of them are mentioned 

below : 

1. Watt per square metre method. This method is very handy for rough calculation or 
checking. 

2 . Lumen or light flux method. This method is applicable to those cases where the sources 
of light are such as to produce an approximate uniform illumination over the working plane or where 
an average value is required. 

3. Point to point or Inverse-square law method. This method is applicable where the 
illumination at a point due to one or more sources of light is required , the candle power of the sources 
in the particular direction under consideration being known. 

OBJECTIVE TYPE QUESTIONS 

A. Choose the Correct Answer : 

(a) radians/metre (6) radians 

(c) steradians (d) degrees 

29.7. The unit of luminous flux is. 

(a) watt/m 2 (6) lumen 

( c ) lumen/m 2 (d) watt 

29.8. Filament lamps operate normally at a 
power factor of 

(a) 0.5 lagging (b) 0.8 lagging 

(c) unity (d) 0.8 leading 

29.9. The filament of a GLS lamp is made of 

(a) tungsten ( b ) copper 

(c) carbon ( d ) aluminium 

29.10. Fine diameter tungsten wires are made 

by 

(a) turning (6) swaging 

(c) compressing ( d ) wire drawing 

29.11. What percentage of the input energy is 
radiated by filament lamps ? 

(a) 2 to 5 percent (6) 10 to 15 percent 
(c) 25 to 30 percent(d) 40 to 50 percent 

29.12. Which of the following lamps is the 
cheapest for the same wattage ? 

(а) Fluorescent tube 

(б) Mercury vapour lamp 
(c) GLS lamp 

, ( d ) Sodium vapour lamp 


29.1. Which of the following statements is 

correct ? 

(a) Light is a form of heat energy 

( b ) Light is a form of electrical energy 

(c) Light consists of shooting particles 

(d) Light consists of electromagnetic 
waves 

29.2. Luminous efficiency of a fluorescent 
tube is 

(a) 10 lumens/watt (6) 20 lumens/watt 
(c) 40 lumens/watt (d) 60 lumens/watt 

29.3. Candela is the unit of which of the 
following ? 

(а) Wavelength 

(б) Luminous intensity 

(c) Luminous flux 

(d) Frequency 

29.4. Colour of light depends upon 

(a) frequency ( b ) wave length 

(c) both (a) and (6) (d) speed of light 

29.5. Illumination of on£ lumen per sq. metre 

is called. 

(a) lumen metre ( b ) lux 

(c) foot candle (d) candela 

29.6. A solid angle is expressed in terms of 
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29.4 

29.13. Which of the following is not the standard 
rating of GLS lamps ? 

(a) 100 W ( b) 75 W 

(c) 40 W (d) 15 W 

29.14. In houses the illumination is in the 
range of 

(а) 2—5 lumens/watt 

(б) 10—20 lumens/watt 

(c) 35—45 lumens/watt 

(d) 60—65 lumens/watt 

29.15. “The illumination is directly propor¬ 
tional to the cosine of the angle made 
by the normal to the illuminated sur¬ 
face with the direction of the incident 
flux”. 

Above statement is associated with 

(а) Lambert’s cosine law 

(б) Planck’s law 

(c) Bunsen’s law of the illumination 

( d ) Macbeth’s law of illumination 

29.16. The colour of sodium vapour discharge 
lamp is 

(a) red (6) pink 

(c) yellow (d) bluish green 

29.17. Carbon arc lamps are commonly used 
in 

(a) photography (6) cinema projectors 

(c) domestic lighting 

(d) street lighting 

29.18. Desired illumination level on the work¬ 
ing plane depends upon 

(a) age group of observers 

(b) whether the object is stationary or 
moving 

(c) size of the object to be seen and its 
distance from the observer 

(d) whether the object is to be seen for 
longer duration or shorter duration 
of time 

(e) all above factors 

29.19. On which of the following factors does 
the depreciation or maintenance factor 
depend ? 

(a) Lamp cleaning schedule 

( b ) Ageing of the lamp 

(c) Type of work carried out at the 
premises 

(d) All of the above factors 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

29.20. In lighting installation using filament 
lamps 1% voltage drop results into 

(а) no loss of light 

(б) 1.5 percent loss in the light output 
(c) 3.5 percent loss in the light output 
{d) 15 percent loss in the light output 

29.21. For the same lumen output, the run¬ 
ning cost of the fluorescent lamp is 

(a) equal to that of filament lamp 

(b) less than that of filament lamp 

(c) more than that of filament lamp 

(d) any of the above 

29.22. For the same power output 

(а) high voltage rated lamps will be 
more sturdy 

(б) low voltage rated lamps will be 
more sturdy 

(c) both low and high voltage rated 
lamps will be equally sturdy 

29.23. The cost of a fluorescent lamp is more 
than that of incandescent lamp because 
of which of the following factors ? 

(а) More labour is required in its manu¬ 
facturing 

(б) Number of components used is more 

(c) Quantity of glass used is more 

( d) All of the above factors 

29.24. Filament lamp at starting will take cur¬ 
rent 

(а) less than its full running current 

(б) equal to its full running current 
(c) more than its full running current 

29.25. A reflector is provided to 

(а) protect the lamp 

(б) provide better illumination 

(c) avoid glare 

( d ) do all of the above 

29.26. The purpose of coating the fluorescent 
tube from inside with white power is 

(а) to improve its life 

(б) to improve the appearance 

(c) to change the colour of light emitted 
to white 

(d) to increase the light radiations due 
to secondary emissions 

29.27.will need lowest level of illumina¬ 

tion. 
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(a) Audiotoriums (6) Railway platform 

(e) Displays ( d ) Fine engravings 

29.28. Due to moonlight, illumination is near¬ 
ly 

(a) 3000 lumens/m 2 

(b) 300 lumens/m 2 

(c) 30 lumens/m 2 
(a?) 0.3 lumen/m 2 

29.29. Which of the following instruments is 
used for the comparison of candle powers 
of different sources ? 

(a) Radiometer (6) Bunsen meter. 

(c) Photometer ( d ) Candle meter 

29.30.photometer is used for comparing 

the lights of different colours ? 

(a) Grease spot (b) Bunsen 

(c) Lummer brodhum 

(d) Guilds flicker 

29.31. In the fluorescent tube circuit the func¬ 
tion of choke is primarily to 

(a) reduce the flicker 

(b) minimise the starting surge 

(c) initiate the arc and stabilize it 

(d) reduce the starting current 

29.32.cannot sustain much voltage fluc¬ 

tuations. 

(а) Sodium vapour lamp 

(б) Mercury vapour lamp 

(c) Incandescent lamp 

(d) Fluorescent lamp 

29.33. The function of capacitor across the 
supply to the fluorescent tube is primari¬ 
ly to 

(а) stabilize the arc 

(б) reduce the starting current 

(c) improve the supply power factor 

(d) reduce the noise 

29.34.does not have separate choke 

(а) Sodium vapour lamp 

(б) Fluorescent lamp 

(c) Mercury vapour lamp 

(d) All of the above 

29.35. In sodium vapour lamp the function of 
the leak transformer is 

(а) to stabilize the arc 

(б) to reduce the supply voltage 

(c) both (a) and ( b ) 

(d) none r f the above 


29.36. Most affected parameter of a filament 
lamp due to voltage change is 

(a) wattage (6) life 

(c) luminous efficiency 

(d) light output 

29.37. In electric discharge lamps for stabiliz¬ 
ing the arc 

(а) a reactive choke is connected in 
series with the supply 

(б) a condenser is connected in series to 
the supply 

(c) a condenser is connected in parallel 
to the supply 

(d) a variable resistor is connected in 
the circuit 

29.38. For precision work the illumination 
level required is of the order of 

(а) 500-1000 lumens/m 2 

(б) 200-400 lumens/m 2 

(c) 50-100 lumens/m 2 

(d) 10-25 lumens/m 2 

29.39. ... ... is a cold cathode lamp. 

(а) Fluorescent lamp 

(б) Neon lamp 

(c) Mercury vapour lamp 

(d) Sodium vapour lamp 

29.40. In case of.least illumination level 

is required. 

(а) skilled bench work 

(б) drawing offices 

(c) hospital wards 

(d) fine machine work 

29.41. For normal reading the illumination 
level required is around 

(а) 20-40 lumens/m 2 

(б) 60-100 lumens/m 2 

(c) 200-300 lumens/m 2 

(d) 400-500 lumens/m 2 

29.42. In electric discharge lamps light is 
produced by 

(а) cathode ray emission 

(б) ionisation in a gas or vapour 

(c) heating effect of current 

(d) magnetic effect of current 

29.43. A substance which change its electrical 

resistance when illuminated by light is 
called. 

(a) photoelectric (6) photovoltaic 
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(c) phatoconductive 

(d) none of the above 

29.44. In case of . power factor is the 

highest. 

(a) GLS lamps 

( b ) mercury arc lamps 

(c) tube lights 

( d ) sodium vapour lamps 

29.45. A mercury vapour lamp gives light. 

(a) white (6) pink 

(c) yellow (d) greenish blue 

29.46. Sometimes the wheels of rotating machi¬ 
nery, under the influence of fluorescent 
lamps appear to be stationary. This is 
due to the 

(а) low power factor 

(б) stroboscopic effect 

(c) fluctuations 

(d) luminescence effect 

29.47. Which of the following bulbs operates 
on least power ? 

(a) GLS bulb (b) Torch bulb 

(c) Neon bulb (d) Night bulb 

29.48. The flicker effect of fluorescent lamps 
is more pronounced at 

(a^iower frequencies 

(b) higher frequencies 

(c) lower voltages 

(d) higher voltages 

29.49. Which of the following applications does 
not need ultraviolet lamps ? 

(а) Car lighting 

(б) Medical purposes 
(c) Blue print machines 

{d) Aircraft cockpit dashboard lighting 

29.50. Which gas can be filled in GLS lamps ? 

(a) Oxygen (6) Carbon dioxide 

(c) Xenon (d) Any inert gas 

29.51. The gas filled in vacuum filament lamps 
is 

(a) nitrogen ( b ) argon 

(c) air (d) none 

29.52. Luminous flux is 

(а) the light energy radiated By sun 

(б) the part of light energy, radiated by 
sun, which is received on the earth 

(c) the rate of energy radiation in the 
form of light waves 

(d) none of the above 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

29.53. The vapour discharge tube used for 
domestic lighting has 

(a) no filament (6) one filament 
(c) two filaments ( d ) three filaments 

29.54. In an incandescent lamp bird cage fila¬ 
ment is usually used in vacuum bulb so 
as to 

(а) reduce the oxidation phenomenon 

(б) reduce the convection losses 

(c) have uniform radiations 

(d) increase the life span of the filament 

29.55. Stroboscopic effect due to use of dis¬ 
charge lamps in workshops results in 
moving machinery appearing 

(a) stationary 

(b) stationary running slow 

( c ) stationary running in reverse direc¬ 
tion 

(d) all of the above 

29.56. Co-efficient of utilisation depends upon 


(а) colour of the walls 

(б) colour of ceiling 

(c) size of the room 

(d) all of the above 

29.57. Glare is reduced by 

(a) using diffusers 

( b ) increasing the height of the lamp 

(c) using reflectors to cut-off the light 
at certain angle 

(d) all of the above 

29.58. Which of the following is present inside 
the fluorescent tube ? 

(а) Argon and neon 

(б) Argon and CO 2 

(c) Mercury vapour 

(d) Helium and oxygen 

29.59. When an electric bulb is broken it 
produces bang ; this is due to 

(а) vacuum inside the bulb 

(б) pressure of air in the bulb 

(c) pressure inside is equal to that out¬ 
side 

(d) none of the above 

29.60. Due to which of the following reasons 
the light of a tube appears cooler than 
that of ? bulb ? 

(a) Tungt en is not used in the tube 
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(6) Tube is painted with milky colour 

(c) Tube consumer less power 

(d) Surface area of the tube is more 
than that of bulb 

(e) None of the above 

29.61. Sky appears blue because of 

(a) refraction (6) reflection 
(c) radiation 

{d) scattering of light over dust parti¬ 
cles 

29.62. A poor man for his kitchen will make 
use of 

(a) fluorescent tube 

(b) incandescent lamp 

(c) sodium vapour lamp 

(d) high pressure mercury vapour lamp 

29.63. Soft shadows are produced by 

(a) using surface source of light instead 
of point source of light 

(b) increasing the number of lamps 

(c) both (a) and (6) 

(d) none of the above 

29.64. Reflectors are provided with slits at the 
top to 

(а) introduce chimney effect for clean¬ 
ing 

(б) reduce colour contrast 

(c) reduce heating effect 

(d) do all of the above functions 

29.65. In sodium vapour lamp neon gas 

(a) acts as a shield around the filament 

(b) assists in developing enough heat to 
vaporize the sodium 

(c) change the colour of light 

3. Fill in the Blanks/Say Yes’ or ‘No’: 

29.71. Light is a form of.energy. 

29.72. The sensation of colour is due to the 

difference in the wave lengths of the 
light radiations. (Yes/No) 

29.73. Light is expressed in .. 

29.74. The total quantity, of light energy 
emitted per second from a luminous 
body is called luminous intensity. 

(Yes/No) 

29.75. is the unit of luminous flux. 


29.7 

(d) prevents the vaporization of filamen t 

29.66. In fluorescent tubes ballast resistance 
is connected in series with the choke 

(а) to reduce stroboscopic effects 

(б) when tube operates on D.C. supply 

(c) when supply frequency is low 

(d) to reduce radio interference 

29.67. In incandescent lamps, coiled coil fila¬ 
ments are used for 

(а) coloured lamps 

(б) higher wattage lamps 

(c) gas filled lamps 

(d) low wattage lamps 

(e) none of the above 

29.68. When a fluorescent lamp is to be operated 
on D.C. which of the following addi¬ 
tional devices must be incorporated in 
the circuit ? 

(a) Inductance (6) Transformer 

(c) Resistance (d) Condenser 

29.69. The tungsten filament lamps when 
compared with fluorescent tubes have 
all the following advantages except 

(a) simple installation 

(b) longer life 

(c) less costly 

(d) more brightness 

29.70. The level of illumination on a surface 
least depends on 

(a) ambient temperature 

(b) candle power of the source 

(c) distance of the source 

(d) type of reflector used 


29.76. ... ... power is the light radiating capacity 
of a source in a given direction. 

29.77. Lux or metre-candle is the unit of. 

29.78.is the unit of luminous intensity. 

29.79. The ratio of the luminous flux to the 
power input is called.efficiency. 

29.80.may be defined as the brightness 

within the field of vision of such a char¬ 
acter as to cause annoyance, discomfort 
interference with vision or eye fatigue. 
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29.81. The ratio of reflected light to the inci¬ 
dent light is called the.factor. 

29.82. The reflection factor is always.than 

unity. 

29.83 .angle is the angle generated by the 

surface passing through the point in 
space and periphery of the area. 

29.84 .is the unit of solid angle. 

29.85. According to Lambert’s cosine law the 
illumination at any point on a surface 
is proportional to.of the angle bet¬ 
ween the . at that point and the 

direction of luminous flux. 

29.86 .photometers are employed when 

the two sources giving light of different 
colours are to be compared. 

29.87 .is a piece of apparatus which is 

commonly employed for measurement 
of mean spherical candle power. 

29.88. Tungsten filament lamp has efficiency 
of the order of 12 lumens/watt. (Yes/No) 

29.89. Starter used for fluorescent tube is 

generally.type. 

29.90. Incandescent-lamps should always be 
used without luminaires. (Yes/No) 

29.91. Incandescent-lamp filaments are gene¬ 
rally constructed of bronze. (Yes/No) 

29.92. Interior lighting is designed by lumen 

method. (Yes/No) 

29.93. Mercury iodide lamps are used for flood 

ligh t ing. (Y es/N o) 

29.94. Translucent materials are used as. 

materials for light sources. 

29.95. The light from a sodium lamp is nearly 


29.96. Sodium lamp gives monochromatic yel¬ 
low light. (Yes/No) 

29.97. Neon lamps are basically gas discharge 

lamps. (Yes/No) 

29.98. Human eye is most sensitive for wave 

length of. A. 

29.99. Lamp efficiency is expressed in lumens/ 

watt. (Yes/No) 

29.100. In fluorescent tubes low voltage is re¬ 
quired during starting. (Yes/No) 

29.101. Fluorescent tubes operating on D.C. 

are generally free from.effect. 


29.102.method takes into account the inter¬ 

reflections of light inside a room. 

29.103. In a fluorescent tube starter is used for 

preheating the. 

29.104. In GLS lamps the cap is secured to the 
glass shell by cementing compound. 

(Yes/No) 

29.105. In mercury vapour lamp the harmful 

ultraviolet rays are absorbed by outer 
bulb. (Yes/No) 

29.106. Visible spectrum of light has wave 

length from.to. A. 

29.107. Greater the wavelength of light . 

will be its frequency. 

29.108. Velocity of propagation of light of dif¬ 


ferent colours is. 

29.109. Angstrom unit is equal to.metre. 

29.110. Solid angle subtended at a point in 

space is 2 ji steradians. (Yes/No) 


29.111. One candle power source of light emits 
.lumens in space. 

29.112. While illumination of surface is inde¬ 
pendent of reflection factor, the value 
of brightness is not independent of it. 

(Yes/No) 

29.113. Greater the size of room.will be the 

co-efficient of utilisation. 

29.114. Maintenance factor and depreciation 

factor are two different names of same 
concept. (Yes/No) 

29.115. Space height ratio is less with disper¬ 
sive type of reflectors than with con¬ 
centric type of reflectors. (Yes/No) 

29.116. Lux is more than foot candle. (Yes/No) 

29.117. Fluorescent lamps working on D.C. 

supply require.in addition to starter 

and choke. 

29.118. High powered filament lamps are less 
efficient than low powered lamps. 

(Yes/No) 

29.119. Life of filament lamp is . burning 

hour. 

29.120. Maintenance of discharge lamps is 

more cumbersome. (Yes/No) 

29.121. Colour of L 1 depends upon wavelength 

only. (Yes/No) 
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29.122. 

29.123. 

29.124. 

29.125. 

29.126. 

29.127. 

29.128. 

29.129. 

29.130. 

29.131. 

29.132. 

29.133. 

29.134. 

29.135. 


In sodium vapour lamp the colour of 
light at starting is pink whereas the 
final colour attained is golden yellow. 

(Yes/No) 

Smaller the space height ratio.the 

number of lamps required by a given 
installation. 

Mean spherical candle power (M.S.C.P.) 
of a lamp emitting 400 lumens is equal 
to 400/4 jt. (Yes/No) 

To achieve uniform illumination the 
whole area to be illuminated is divided 

into a number of.as far as possible. 

In a lighting installation selection of 
proper space height ratio ensures unifor¬ 
mity of illumination. (Yes/No) 

Ratio of light flux reaching the working 
plane to that emitted by the lamp is 
called depreciation factor. (Yes/No) 

Halogen lamps are preferred for .. 

illumination. 

Glare is the condition of comfort pro¬ 
duced by an object of luminance. 

(Yes/No) 

Sodium lamp is only suitable for A.C. 

(Yes/No) 

The unit of luminous intensity is 
lumen. (Yes/No) 

The average life of a sodium lamp is 

estimated as.hours. 

Low voltage generally facilitates start¬ 
ing of fluorescent tubes. (Yes/No) 

In a fluorescent tube . is used for 

preheating the electrodes. 

A source of one candela emits a total of 
one lumen. (Yes/No) 


29.136. 

29.137. 

29.138. 

29.139. 

29.140. 

29.141. 

29.142. 

29.143. 

29.144. 

29.145. 

29.146. 

29.147. 

29.148. 

29.149. 

29.150. 


Illumination level in railway yards is 
usually maintained at 10 to 20 lux. 

(Yes/No) 

Filament lamps operate normally at a 
power factor of 0.8 lagging. (Yes/No) 
One lux is equal to one lumen per square 
metre. (Yes/No) 

Increase in voltage for a GLS lamp 
reduces . 

Carbon arc lamps are commonly used 
in street lighting. (Yes/No) 

Neon lamp is a cold cathode lamp. 

(Yes/No) 

.lamp has least capacity to sustain 

voltage fluctuations. 

75 W is not the standard rating of GLS 
lamps. (Yes/No) 

The unit of luminous flux is lumen/m. 

(Yes/No) 

Power factor of fluorescent lamps is 
low. (Yes/No) 

Glow lamps emit only a faint glow and 
are used as indicating lamps on panels 
and appliances. (Yes/No) 

High pressure sodium vapour lamps 
use metallic sodium sealed in trans¬ 
lucent aluminium oxide tubes. 

(Yes/No) 

Luminaries are generally categorised 
as industrial, commercial or residen¬ 
tial. (Yes/No) 

The efficiency of sodium vapour lamp is 
around 50 lumens/watt. (Yes/No) 
The diameter of tungsten filament for 
GLS lamps is in terms of. 


ANSWERS 

(Illumination) 


A. Choose the Correct Answer : 


29.1. (d) 

29.2. (d) 

29.3. ( b) 

29.4. (c) 

29.5. ( b) 

29.6. (c) 

29.7. (6) 

29.8. (c) 

29.9. (a) 

29.10. (d) 

29.11. (6) 

29.12. (e) 

29.13. (6) 

29.14. ( d ) 

29.15. (a) 

29.16. (c) 

29.17. (6) 

29.18. (e) 

29.19. (d) 

29.20. (c) 

29.21. (6) 

29.22. (6) 

29.23. ( d ) 

29.24. (c) 

29.25. (d) 
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29.26. (d) 

29.27. ( b ) 

29.28. (d) 

29.29. (c) 

29.30. (d) 

29.31. (c) 

29.32. (c) 

29.33. (c) 

29.34. (a) 

29.35. (c) 

29.36. (6) 

29.37. (a) 

29.38. (a) 

29.39. (b) 

29.40. (c) 

29.41. (6) 

29.42. (b) 

29.43. (c) 

29.44. (a) 

29.45. (d) 

29.46. (b) 

29.47. (6) 

29.48. (a) 

29.49. (a) 

29.50. (d) 

29.51. (d) 

29.52. (c) 

29.53. (c) 

29.54. (c) 

29.55. (d) 

29.56. (of) 

29.57. (d) 

29.58. (c) 

29.59. (a) 

29.60. (a) 

29.61. ( d ) 

29.62. ( b) 

29.63. (c) 

29.64. (d) 

29.65. (6) 

29.66. (6) 

29.67. (c) 

29.68. (c) 

29.69. (6) 

29.70. (a) 


B. Fill in the Blanks/Say Tes’ or ‘No’: 


29.71. radiant 
29.74. No 

* 29.77. illumination 
29.80. Glare 
29.83. Solid 
29.86. Flicker 
29.89. glow 
29.92. Yes 

29.95. monochromatic. 


■.V. 


29.72. Yes 
29.75. Lumen 
29.78. Candela 
29.81. reflection 
29.84. Steradian 
29.87. Integrating sphere 
29.90. No 
29.93. Yes 
29.96. Yes 


29.73. lumen-hours 
29.76. Candle 
29.79. lamp 
29.82. less 

29.85. cosine, normal 
29.88. Yes 
29.91. No 
29.94. screening 
29.97. Yes 


29.98. 5500 

29.99. Yes 

29.100. No 

29.101. stroboscopic 

29.102. Lumen 

29.103. electrodes 

29.104. Yes 

29.105. Yes 

29.106. 4000,7000 

29.107. less 

* 29.108. same 

29.109.10" 10 

29.110. No 

29.111. 4 n 

29.112. Yes 

29.113. more 

29.114. Yes 

29.115. No 

29.116. No 

29.117. resistance 

29.118. No 

29.119. 1000 

29.120. Yes 

29.121. No 

29.122. Yes 

29.123. more 

29.124. Yes 

29.125. squares 

29.126. Yes 

29.127. No 

29.128. indoor 

29.129. No 

29.130. Yes 

29.131. No 

29.132. 6000 

29.133. No 

29.134. starter 

29.135. No 

29.136. Yes 

29.137. No 

29.138. Yes 

29.139. life 

29.140. No 

29.141. Yes 

29.142. Incandescent 

29.143. Yes 

29.144. No 

29.145. Yes 

29.146. Yes 

29.147. Yes 

29.148. Yes 

29.149. Yes 

29.150. microns. 



□ □ 
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Computers and Microprocessors 


30.1. HISTORY AND DEVELOPMENT OF COMPUTERS 

• Charles Babbage (an English Mathematician) was responsible for conceiving the concept 
of the Modern computer, and is called “Father of Computers”. 

• He designed the early computer called “Difference Engine ” in the year 1822, with which 
reliable tables could be produced. In 1833 he improved upon the machine and put forth 
new of idea of “Analytical Engini” which could perform the basic arithmetic functions 
automatically. In this machine punched cards were used as input/output devices for basic 
input and output. 

The concept of use of punched cards was developed further by Horman Hollerith in the 
year 1889. 

• Leonards Torres demonstrated a digital calculating machine in Paris in 1920. 

• In 1944 Prof. Howard Aiken (Howard University) developed Electromechanical calculators 
known as Mark-I. This machine could handle about a sequence of 5 arithmetic operations 
by using memory for previous results. 

• On the basis of research done for U.S. army during the World War-II in 1946, the first 
electronic computer, ENiAC (Electronic Numerical Integer and Computer) was designed 
in 1946. This computer was about 15 metres long and 2 metre high and weighed about 
50 tons. It consumed about 200 kW power. This machine did not have any facility for 
storing program. 

• In 1949, the concept of stored program was adopted . 

• In 1951, was introduced the commercial version of stored program computer UNIVAC-1 
(Universal Automatic Computer) — the first digital computer. 

Generations of Computers. 

First generation . Developed during the years 1951-1959. 

• These computers are “based” on “Vacuum Tubes”. 

• Very slow in operation (10^ operations/sec.) 

• Big in size and unreliable. 

• Short span of life. 

• Frequent breakdowns. 

• High power consumption and great amount of heat generation. 

• Small primitive memories and no auxiliary storage. 

, ( 30.1 ) 
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• Limited programming capabilities. 

Examples. UNIVAC-I and IBM 650. 

Second generation. Developed during the years 1960-1965. 

• These computers are based on “transistors”. 

• Faster in operation, comparatively (10 6 operations/sec.) 

• Smaller in size. 

• More reliable. 

• Consume less power. 

• Generate less heat than vacuum tubes. 

• Auxiliary memory in the form of magnetic tape was introduced. 

Examples. UNIVAC 1107, IBM 7090, CDC 1604, Honeywell 800 etc. 

Third generation. Introduced during 1965-1970, also being used presently. 

• These computers are based on “Integrated circuits”, based on silicon technology. 

• Much more smaller in size. 

• More reliable. 

• Faster in operation (10 9 operation/sec.). 

• Less expensive. 

• Employ higher capacity internal storage. 

• Wide range of peripheral used. 

• Make use of new concepts like multi-programming, multi-processing, high level languages. 
Examples. IBM-360/370, Honey well 6000. 

Fourth generation. Introduced in 70s. 

• These computers are based on VLSI (Very large scale integration) chips and microprocessors 
chips. 

• Possess high processing power. 

• Low maintenance. 

• Faster in operation. 

• High reliability. 

• Very low power consumption, 

• Less expensive. 

• Small size. 

This generation also includes the following : 

— Microcomputers; 

— Office automation systems; 

—- Distributed processing systems. 

Fifth generation.1 Introduced during late 1990’s. 

• These computers use optic fibre technology to handle Artificial Intelligence, Expert Systems, 
Robotics etc. 

• Possess very high processing speeds. 

• More reliable. 
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30.2. DEFINITION OF A COMPUTER 

A computer is a machine that processes data according to set of instructions stored within 
the machine. 

• It receives data as input , processes the data, i.e., performs arithmetic and logical operations 
on the same and produces output in the desired form on output device as per the 
instructions coded in the program. 

• The processing function of the computer is directed by the stored program, a set of 
codes instructions stored in the memory unit, which guides the sequence of steps to be 
followed during processing. 

30.3. CHARACTERISTICS OF A COMPUTER 

The following are the characteristics which make a computer an indispensable unit : 

1. Speed 

2. Consistency 

3. Accuracy 

4. Flexibility 

5. Reliability 

6. Large storage capacity 

7. Automatic operation 

8. Diligent 

9. No emotional ego and psychological problems. 

Limitations of a computer : 

A computer entails the following limitations : 

1. It does not work on itself, a set of instructions is required for its operation. 

2. It cannot take decision on its own, it has to be programmed as per requirements. 

3. It is not intelligent, it has to be instructed in detail for the performance of each and 
every task. 

4. It cannot learn by experience, as human beings do. 

30.4. CLASSIFICATION OF COMPUTERS 

^The computers may be classified as follows : 

1. On the basis of the type of date : 

(i) Analog computers (These computers process the data in analog form). 

(//) Digital computers (These computers process the data in digital form). 

2. On the basis of the size and capacity : 

(0 Micro computers 
(u) Mini computers 
(Hi) Main frame 
(/v) Super computers , 

3. On the basis of the type of application : 

(/) Special purpose computers 
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(ii) General purpose computers 

4. On the basis of the number of users : 

(/) Single user computers 

(ii) Multi-user computers 

5. On the basis of the number of processors : 

(/) Single processor computers 

(ii) Multiprocessor computers 

6. On the basis of the type of instructions set : 

(/) Complex Instruction Set Computers (CISC) 

(ii) Reduced Instruction Set Computers (RISC) 

30.5. ANALOG COMPUTERS 

• The principle of operation of analog computers is to create a physical analog of 
mathematical problems. 

• Measure physical variables continuously. 

• Use signals as input (which may be supplied by devices like barometers, speedometers, 
thermometers etc. 

• The result given by an analog computer is not very precise , accurate and consistent . 

• These computers find limited applications. 

Example. Speedometer of a vehicle (here speed varies continuously). 

30.6. DIGITAL COMPUTERS 

• The digital computers accept digits and alphabets as input. 

• Receive data in the form of discrete signals representing ON (high) or OFF (low) voltage. 

• The data input can be represented as sets of O’s and l’s representing low and high 
reprectively. 

• The digital computers convert data into discrete form before operating on it. 

• The most important characteristic of a digital computer is that it is general purpose 
device capable of being used in a number of different applications. By changing the 
stored program, the same machine can be used to implement totally different tasks. 

Example. Digital watches. 

Digital computers may be further classified based upon : (/) Purpose of use (e.g. y General 
purpose, special purpose); (ii) Size and capabilities. 

On the basis of size and capabilities , the digital computers are classified as : 

1. Super computers. 

2. Mainframe computers. 

3. Medium sized computers 

4. Mini computers 

5. Micro computers. 

1. Super computers : 

• These computers are the fastest (speed of calculations upto 1.2 billion instructions per 
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second) and have very high processing speeds. 

• They are very large in size and most powerful and costliest. 

• Their fields of applications include processing weather data, geological data, genetic 
engineering etc. 

• Word length : 64 bits and more. 

• These computers can receive input from more than 1000 individual work stations. 
Example. PARAM (a super computer developed in India). 

2. Main frame computers : 

• These are large scale general purpose computer systems. 

• Possess large storage capacities in several million words. 

• Secondary storage directly accessible — of the order of several billion words. 

• Can support a large number of terminals (upto 100 or more). 

• Faster in operation (100 million instructions/sec. approx). 

• Accept all types of high level languages . 

• Word length — 16 or 32 or 64 bits. 

3. Medium sized computers : 

• Mini versions of mainframe computers. 

• They have smaller power than mainframes. 

• Processing speeds relatively high with support for about 200 remote systems. 

4. Mini-computers : 

• These are general purpose computer systems. 

• Reduced storage capacity and performance (as compared to main frame). 

• CPU speed — few million instructions/sec. 

• Word length — 16 or 32 bits. 

• Can accept all types of high level languages. 

• Can support upto about 20 terminals. 

Note : In view of fast development in electronics it is difficult to draw a line of demarcation 
between small main frame computers and large mini-computers. 

5. Micro-computers : 

• These are small sizer computers utilising micro-processors . These are popularly known 
as personal computer (P.C.). 

• CPU is usually contained on one chip. 

• Possess low storage capacity (maximum being 256 K words). 

• Slow in operation (10 5 instructions/sec.) 

• Usually provided with video display unit, floppy drive and printer . Some micro-computers 
can support hard disc also. 

• Maximum word length is 16 bits; however most of these use 8-bit words. 

• Commonly used language — BASIC. However these computers can also accept other 
high level languages viz. PASCAL, FORTRAN etc. 
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Note : single chip microcomputer consists of a single chip on which the central processing 

unit, input/output and memory units are integrated. This is used for industrial applications and 
also in product calculators. 

*Its advantage is the reduction in cost and size, increase in performance and reliability. 

30.7. DIFFERENCES BETWEEN ANALOG AND DIGITAL COMPUTERS 

The differences between anaiog and digital computers are given in the Table 30.1. 


Table 30.1. Differences between Analog and Digital Computers 


S.No 

Digital Computer 

Analog Computer 

1 . 

It performs calculations by counting and thus 
counts directly. It is the most versatile machine. 

It processes work electronically by analogy. It 
does not produce number but produces its results 
in the form of graph. It is more efficient in 
continuous calculations. ' 

2. 

It operates on inputs which are on-off type 
(being digits 0 or 1) and its output is in the 
form of off signals. 

It accepts variable electrical signals (analog 
values) as inputs, and its output is also in the 
form of analog electrical signals. 

3. 

It is based on counting operation. 

It operates by measuring analog signals. 


These days digital computers are being widely used. 

A hybrid computer is combination of ooth analog and digital computers. It is used for 
simulation applications. 

30.8. BLOCK DIAGRAM OF A DIGITAL COMPUTER 

Fig. 30.1 shows a block diagram of a typical digital computer. 

CENTRAL PROCESSING 



Fig. 30.J. Block diagram of a digital computer. 

The following are the five basic elements of a computer system : 

1. Input : 

• The data and instructions are first recorded on a machine readable medium, like punched 
card, and then fed into the computer via a device that codes them in a manner which 
is suited to conversion into electrical pulses before entering memory, 

• The input supplies data to the computer in digital (binary) form. 
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2. Memory : 

• The memory section within the computer is where data are stored or memorized. 

• Problems to be solved, inputs for the problem, a program of instruction, working data, 
intermediate results and final results are types of memory data. 

• The memory section holds data between high speed computer operation and slower input 
and output devices. 

3. Arithmetic Logic Unit (ALU) : 

• ALU performs necessary arithmetical operations on the data and ensurers that instructions 
are obeyed. 

• It also performs logical operations . 

• The ALU combined with control unit is called central processing unit. 

4. Control Unit : 

• It fetches instructions from main memory, interprets them and issues the necessary signals 
to the components making up the system. 

• It issues commands for all hardware operations necessary in obeying instructions. 

5. Output : 

• The output is the path for data out of the computer and may include devices for reading 
out answers. 

30.9. RATING OF CHIPS 

Chips are rated in terms of their capacity and speed. 

• Capacity of a chip refers to the amount of kilo-bites it can store . 

• Chip speed refers to the rate at which the microprocessor can write to the chip. It is 
usually measured in nano-seconds (ns). As the chip speed increases, its cost also goes 
up. 

30.10. COMPUTER PERIPHERALS 

A peripheral is any device commonly used with a CPU of a computer for input or output 

of information or for memory functionally separate from the CPU and electronically detachable. 

Input Devices : 

1. Keyboard : 

• It is the most common and simplest input device. 

• It is merely a collection of momentary switches. The outputs of the key switches are fed 
to electronic circuitry known as keyboard encodes which converts them into binary coded 
values. The values are then fed into the computer which interprets the key which was 
pressed. Thus the function of the key changes with the type of work we are doing. 

2. Mouse : 

• It is a pointing device and its size is about the size of palm. 

• It is a hand-held device that controls a pointer on the screen. 

• It rolls on a small ball. A mouse has one or more buttons on the top. When the user 
moves the mouse over a flat surface, the screen cursor moves in the direction of the 
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mouse movement. 

3. Digitizer (or Graphic Tablet) : 

• Jjt is similar to light pen. 

• It consists of a glass plate on which digitizing tablet is moved. 

• It is used for fine drawing works and for image manipulation applications such as Auto- 
cad. 

4. Optical Mark Reader (OMR) : 

• OMR is being used for reading the answer sheet by means of light. It can read upto 
150 documents per minute; when on-line with respect to the computer system, can read 
upto 2000 documents per minute. 

• OMR can also be used for such applications as order writing payroll , inventory control , 
insurance , questionnaires etc. 

5. Magnetic Ink' Character Reader (MICR) : 

• MICR uses a special ink to print character. These characters can be decoded by special 
magnetic devices. 

• This system is employed by banks for processing cheques. 

6. Scanner : 

• It is used for getting existing graphical images (like photographs, mats, etc.) into computer. 

• Once the graphical image is scanned and brought into the computer user can include 
them into documents or can edit them. 

7. Light Pen : 

• It consists of a pen like device and photoelectric cell. 

• It is used to draw pictures on the screen. 

• When light pen is in contact with screen, the electron beam activates the photoelectric 
cell which in turn sends signals into the computer and ultimately a mark is made on the 
screen where light pen contacted the screen. 

8. Joy-stick : 

• It is screen-pointing device. 

• A stick is present with a button at the top. It can be held in the hand and bent in any 
one of the four directions. As the stick is moved, the action on the screen changes in 
the appropriate direction. 

• A joy-stick is widely used for playing computer games. 

9. Touch Screen : 

• The touch screen technique involves beam and ultrasonic waves. 

• By using touch screen we can issue command to the computer by touching the screen. 

• Limited amount of data can be eatered via a terminal or a micro-computer that has a 
touch screen. 
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10. Compact Disk Read Only Memory (CDROM) : 

• It is a 120 mm diameter disc with a polycarbonate subtrate, a reflective metalised layer 
on one side, with a protective lacquer finish. 

• Here a laser beam is used to bum a small hole or pit which represent binary ‘1*. The 
absence of pit represents ‘O’. In this way digital information is stored on the disc in 
large quantities (in Giga Bytes). 

11. Voice Recognition System or Voice Synthesizer : 

• Voice recognition techniques, along with several other techniques, are used to convert the 
voice signals to appropriate words and device the correct meanings of words. There has 
been a limited success in this area and these days devices are available commercially to 
recognize and interpret human voices. 

Output Devices : 

1. Printer : 

• A printer is device that produces copies of text and graphics oh paper. 

• The printers are classified/categorised as follows : 

A. Impact printers : 

(, i) Solid Font 

(ii) Dot matrix. 

B. Non-impact printers : 

(/) Thermal Printer (ii) Inkjet printer 

(iii) Laser printer (iv) Electrographic printer 

(v) Electrostatic printer. 

2. Plotters : 

• Plotters are those devices which reproduce drawings using pens that are attached to 
movable arms. 

m Platting in different colours is possible. 

3. Monitors or Visual Display Unit (VDU) : 

• A monitor is a television like device, which is used to display information, output and 
input data. 

• It consists of a cathade ray tube (CRT), on which the informatibn is displayed. When 
the user processes any key on the keyboard, the keyboard encoder generates code of that 
key which is depressed. This code is then fed to the computer; from there VDU system 
takes that code and displays it on the screen. 

30.11. STORAGE DEVICES 

The memory devices in a memory unit (which stores the data, instructions and intermediate 

results) may be of the following types : 

1. Internal storage device .... also known as main or primary storage device. 

The primary storage devices currently in use in computers are : 

(/) Magnetic core memory device 
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(ii) Thin film memory device 

(iii) Thin rod memory device 

(iv) Plated wire memory device. 

2. Auxiliary storage device 

The popular secondary memory devices are : 

(i) Magnetic tape drive 

(ii) Magnetic disk drive 

(iii) Magnetic drum 

(iv) Floppy disk 

(v) Winchester disk. 

Methods of Input to Backing Stores 
The following methods are generally used : 

(0 Key-to-tape 

(ii) Key-to-cassette/cartridge 

(iii) Key-to-disk/diskette 

Memory. The memory is used to store information/data so that it can be retrieved .whenever 
required. There are mainly two types of memories : 

1. Primary memory. 

2. Secondary memory. 

1. Primary memory : 

• It is also known as core memory, main memory, RAM (Random Access Memory). 

• It is constructed using purely semiconductor devices, data is stored in the form of voltages. 

• It is a volatile memory where as ROM (Read Only Memories) are non-volatile memories. 

2. Secondary memory : 

• Secondary memory, also known as auxiliary memory , is used to store large volumes of 
data. 

• Data is stored in the form of magnetic energy and can be stored (in the secondary 
memory) for large periods. 

Difference between Read Only Memory (ROM) and Random Access Memory (RAM). 

ROM : 

• As the name implies ROM is a memory unit that performs the read operation only; it 
does not have a write capability . This implies that the binary information stored in a 
ROM is made permanent during the hardware production of the unit and cannot be 
altered by writing different words into it. Whereas a RAM is a general-purpose device 
whose contents can be altered during the computational process. 

• ROM is a type of memory chip that we can read only and we cannot write on it. 

• ROM provides permanent storage for program instructions. 

• The most important ROM chip in any computer is ROM BIOS (Basic Input/Output 
System). 


Downloaded From : www.EasyEngineering.net 


Downloaded From : www.EasyEngineering.net 


COMPUTERS AND MICROPROCESSORS 30.11 

• ROM is most oftenly used in microprocessors that always execute the same program such 
as BOOT STRAP LOADER. 

Disadvantages of ROM : 

(0 A ROM is prepared by the manufacturer and cannot be altered once the chip has been 
made. 

(ii) It is slow. 

The ROM memory may be classified as follows : 

(/) Programmable Read Only Memory (PROM). Here, the information can be altered, but 
not as easily as in the ordinary memory. Once the operations to be performed have 
been written into a PROM chip, they are permanent and cannot be changed. 

(ii) Erasable Programmable Read Only Memory (EPROM). This type of ROM can be erased 
and programmed with the help of special equipment. It has a window at its top, which 
if exposed to ultravoilet light, allows data to be erased. 

(Hi) Electrically Erasable Programmable ROM (EEPROM). In order to erase and reprogramme 
this type of ROM, it is required to be removed from the socket. 

( iv ) Flash EPROM . It is the latest jtype of ROM. A manufacturer can make changes to the 
flash EPROM while it remain in the PC, by running a special program. 

RAM : 

• This memory is so named since memory registers can be accessed for information transfer 
as required. 

• RAM chip is made with Metal Oxide Semiconductor (MOS). 

• RAM chips may be classified as : 

(/) Dynamic RAM : 

It provides volatile storage (i.e., the data stored is lost in the event of a power failure). 
(ii) Static RAM : 

These chips are more complicate and take up more space for a given storage capacity 
than dynamic RMA chips. These chips are also volatile in nature but as long as they 
are supplied with power, they need not require special regenerator circuits to retain the 
store data. 

• Static RAM chips are thus used in strecialised applications while Dynamic RAM chips 
are used in the primary locations. 

• Owing to the volatile nature of these storage elements, a back up Uninterrupted Power 
System (UPS) is often installed along with larger computer systems. 

30.12. HARDWARE, SOFTWARE AND LIVEWARE 
Hardware : 

The set of physical components , modules and peripherals comprising a computer system is 
called Hardware. 
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Apart from wires and nut bolts, the major hardware components of computer are : 

(i) Input-output devices 
(//) Control unit 
(Hi) Memory 
(/V) ALU. 

Software : 

The software is a set of programs required for data processing activities of the computer . 
In other words, the program written in any one of the computer languages, is called software . 
System software includes the following : 

(/) Operating systems 

(ii) Language processors (assemblers, compilers, interpreters) 

(Hi) Utility program 
(tv) Subroutine program. 

Live Ware : 

All persons concerned with computers, i.e.> compiler, programmer, etc. are called live ware , 

30.13. TRANSLATORS 

A translator is a software program which converts statements written in one language into 
another e.g., converting assembly language to machine code etc. The assembly language program 
is called ‘source program' and the machine code program is called ‘ object program \ 

There are three types of translators : 

1. Assembler 

2. Compiler 

3. Interpreter. 

30.14. COMPUTER LANGUAGES 

1. Machine language. It is a programming language in which the instructions are in a form 
which allows the computer to perform them immediately, without any further translation. Instructions 
in machine language are in the form of a binary code , also called machine code and are known 
as machine instructions . 

2. Low level language. Low level languages are machine oriented languages in which each 
instruction corresponds or resembles a machine instruction. The low level language must be 
translated into machine language before use. 

3. High level language . The development of high level language was intended to overcome 
main limitations of level language. The high level languages have an extensive voertbulary of 
word, symbols and sentences. 

Different types of high level languages are : 

(/) Commercial languages . The most well known commercial language is COBOL 

(Commercial Business Oriented Language) 

(ii) Scientific language . The most well-known languages among this group are : 

(a) ALGOL (Arithmetic Oriented Language) 
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( b ) FORTRAN (Formula Translation) 

(c) BASIC (Beginner All Purpose Symbolic Instruction Code) 

(iii) Special purpose language . 

(iv) Command language. 

(v) Multipurpose language . 

30.15. COMPUTER PROGRAMMING PROCESS FOR WRITING PROGRAMS 

The complete computer programming process followed by programmer for writing comprises 
the following steps : 

1. Analysis 

2. Flow charting 

3. Coding 

4. Debugging 

5. Documentation 

6. Production. 

30.16. COMPUTING ELEMENTS OF ANALOG COMPUTERS f 

1. Attenuators . are used to multiply a variable quantity by a constant. 

2. Summing amplifiers . are used to add or subtract variables as required. 

3. Servo multipliers . are used to multiply two variables. 

4. Function generators . are used to simulate the arbitrary behaviour of variables. 

5. Integrating amplifiers . are used to integrate a variable with respect to time. 

30.17. MICROPROCESSORS 


30.17.1. General Aspects 

• The microprocessor is a semiconductor device consisting of electronic logic circuits 
manufactured by using either a large-scale (LSI) or very-large scale integration (VLSI) 
technique. 

• The microprocessor is capable of performing computing funcitons and making decisions 
to change the sequence of program execution . In large computers, the central processing 
unit (CPU) performs these computing functions and it is implemented on one or more 
circuit boards. 

• The microprocessor is in many ways similar to the CPU, however, the microprocessor 
includes all the logic circuitry (including the control unit) on one chip. 

The microprocessor consists of the following 
three segments (refer Fig. 30.2). 

1. Arithmetic/Logic Unit (ALU). In this 
area of the microprocessor, computing functions 
are performed on data. The ALU performs 
arithmetic operations such as addition and 
subtraction, and logic operations such as AND, 

OR and exclusive OR. Results are stored either 

in registers or in memory or sent to output devices pi gm jo.2. Block diagram of a microcomputer . 


MICRO¬ 

PROCESSOR 



Downloaded From : www.EasyEngineering.net 














Downloaded From : www.EasyEngineering.net 


l 


30.14 ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

2. Register Unit. This area of the microprocessor consists of various registers. The registers 
are used primarily to store data temporarily during the execution of a program. Some of the 
registers are accessible to the user through instructions. 

3. Control Unit. The control unit provides the necessary timing and control signals to all 
the operations in the microcomputer. It controls theHlow of data between the microprocessor and 
peripherals including memory. 

In short a microprocessor performs the following functions : 

• Communicates with all peripherals (memory and I/O) using system. 

• Controls timing of information flow. 

• Performs the computing tasks specified in a programme. 

30.17.2. Characteristics of Microprocessor 

In nearly every type of design, with any complexity at all, microprocessors have potential 
for drastically reducing component count and shortening design time . In fact a microprocessor is 
considered to represent long-awaited next generation of digital building blocks, and that 
microprocessor will provide the best single approach to the system-level digital integrated circuit. 

Some of the characteristics of a micorprocessor are listed below : 

1. It handles shorter words than other computers , usually from 4 to as many as 16 bits. 

2. It consists of integrated circuits from 1 to 30 in number. 

3. It contains arithmetic logic unit (ALU), registers, control, random access memory (RAM), 
data buses and read only memory (ROM) with programmes. 

30.17.3. Important Features 

The important features of the microprocessors are : 

1. Low cost 

2. Small size 

3. Low power consumption 

4. Versatile (The versatility of a microprocessor results from its ‘stored programme’ mode 
of operation). 

5. Extremely reliable 

Note. Probably the term ‘micro’ in the name of the device can be contributed to its low 
cost, small size and low power consumption . The processing capability of a microprocessor should 
not, however, be underestimated. Currently available 32-bit microprocessors have a processing 
power similar to that of the mainframe computer of a few years ago. Even the early 8-bit 
microprocessors are powerful enough to perform several applications. 

30.17.4. Uses of Microprocessors in Instrumentation 

The processing power of the 8-bit microprocessors is more than adequate to satisfy the 
requirements of most of the instrumentation applications . By making an instrument 
microprocessor-based, it can be made intelligent by incorporating new features like programmability , 
which cannot be easily provided in its hard-wired counterpart. 

Some important uses of microprocessors in instrumentation area are listed below : 

1. Frequency meters 
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2. Function generators 

3. Frequency synthesizers 

4. Spectrum synthesizers 

5. Intelligent instruments CRT terminals 

6. Digital millimeters 

7. Oscilloscopes 

8. Counters 

9. Process control 
— Instrumentation 

— Monitoring and control 
— Data acquasition 
— Logging and processing 

10. Medical Electronics 

— Patient-monitoring in intensive care unit 
— Pathological analysis 

— Measurement of parameters like blood pressure and temperature. 

Under this heading the following instruments/machines are included : 

(i) Microprocessor based medical instrument 

(ii) Microprocessor based ECG machines 
{Hi) Microprocessor based EEG machines etc. 

Other Applications of Microprocessors : 

(/) High level language computers 
( ii ) Replacing hard-wired logic by a microprocessor 
(hi) Control of automation and continuous processes 

(iv) Computer peripheral controllers 

(v) Home entertainment and games. 

30.18. COMPUTER TERMS 

Abort. To terminate the execution of a program and to return control to the operating 
system. 

ALU (Arithmetic and logic unit). The portion of the CPU that performs arithmetic and 
logical operations. 

Access. To locate desired data. 

I Accununulator. A register, or a set of registers in the central processor used for temporarily 
storing the numerical result on an operation performed by the ALU. 

Adder. A logic device that performs the arithmetic addition of two binary numbers. 
ALGOL (Algorithmic language). Arithmetic language by which numerical procedures may 
be presented to the computer in a blended form. 

Assembly. The process of translating a program written in symbolic code into its equivalent 
machine code; the time during which this process occurs is called assembly time. 

ASCII. An eight level (7 bits + 1 parity bit) code from American Standard Code for 
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Information. In it, the letters, numbers and symbols are coded as 7 binary characters, 8th bit 
being used for parity check. 2 7 = 128 characters can be represented by this code. 

Bar Code. A pattern of printed lines in binary coding that can be read into the computer 
by light pen scanning. 

BASIC. Beginner’s All Purpose Symbolic Instruction Code-a programming language that is 
easy to learn and widely used as first programming language taught in schools and as the principal 
language in many minicomputers and microcomputers. Although it is simple to use, it contains 
many advanced features for handling mathematical formulae and character strings. 

BCD (Binary Code Decimal) Numbers. It is a code in which decimal notation is preserved 
and each decimal digit is coded in binary form, using 4 bits (called a nibble) for each successive 
digit. 

Binary. A numbering system using only the digits 0 and 1. Also called “base-2”. 

Binary Adder. A logic circuit that can add two binary numbers. 

Bit. An acronym for Binary Digit. It is the simplest possible information element. It is an 
entity which may have one of the two states, ie. y on or off represented by 1 or 0. It is the 
smallest unit of information in the binaj 7 numbering system. 

Boolean Algebra. An algebra defining the rules for manipulating'varibles in symbolic logic. 
Boolean algebra was developed as a method for expressing logical concepts in a mathematical 
form and uses such logical operators as AND, OR, NOR and IF-THEN. 

Bootstrap. When power supply to a computer using main memory as semiconductor memory 
fails, all its memory is washed off. In order to restart, Le., enable it to work, it has to be 
programmed to accept instructions. This process is called bootstrap . 

Bubble memory. Latest art in a memory device. When an external field is applied to a 
ferromagnetic specimen, the domains in which magnetisations are antiparallel get converted into 
cylindrical domains known as bubble. This size of the bubble is of the order of 1 to 100 microns. 

Bug. Refers to fault resulting from a programming error. Sometimes it also refers to faults 
resulting from hardware design or construction errors. 

Bus 

• It is a digital highway or an electrical channel along which data can be sent and received. 

• It interconnects various elements of a computer and conveys data, addresses, instructions 
and control signals between the registers, arithmetic and logic unit (ALU), control unit 
and memory. 

• There may be separate buses for data and instruction or a common bus. These can be 
unidirectional or bi-directional. 

Byte 

• A group of consecutive bits forming a unit of storage in the computer and used to 
represent one alphanumeric character. 

• It usually consists of 8-bits but may contain more or fewer bits depending on the model 
of computer. 

CAD/CAM 

• Acronym for Computer — Aided Design/Computer — Aided Manufacturing. 

• A computer system used in engineering for such projects as designing parts and machinery, 
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precisely calculating parts specifications and generating complex wiring diagrams. 

Call. A transfer of program control to a subroutine. 

Capacity. The amount of information that all or a part of a computer system, such as main 
memory or a disk pack, can store. For example; the capacity of a computer’s main memory 
could be 512.K of information (524, 288 characters) 

Character. An alphabetic letter, digit or special symbol. 

Chip 

• It is a tiny piece of semiconductor material on which microscopic electronic components 
(e.g., resistors, capacitors, diodes etc.) are all created by photoetching at the same time 
in one chip of silicon to form one or more circuits. 

• It is usually a few millimeter square in size and is encapsuled in rectangular plastic or 
ceramic package, usually 20 mm wide 400 mm long. 

• After connection leads and a core are added to the chip, it is called an IC (Integrated 
Circuit). 

CMOS (Complementary Metal Oxide Semiconductor) 

• This is an integrated circuit family, having high threshold logic and a technology which 
consumes very low power compared to other semiconductor technologies. 

• It has moderate ‘ speed and high integrated device density. 

COBOL 

• Acronym for Common Business Oriented Language. 

• A high level programming language capable of performing all the necessary calculations 
most-often used in business . 

Compiler 

• A program that translates a source program written in a high level language into its 
equivalent machine language. 

• The output program from a compiler is called an Object Program. 

Computer 

• A machine capable of receiving, storing, manipulating and yielding information such as 
numbers, words, pictures. 

• Unless qualified, the word computer means electronic digital computer. 

Computer Graphics. The use of a computer to produce pictorial representations of relationships, 
such as charts and two-or-three dimensional images, by. means of dots, lines, curves etc. 

Computer Program. A series of instructions or statements, in a form acceptable to a 
computer prepared in order to achieve a certain result. 

Control Unit. It generates control signals (switching signals to control the sequencing of 
data flows and ALU operations). 

Controller. A device that controls the operation of another device or system, such as I/O 
controller that controls the operation of an input/output device. 

Counter. A device (e.g., a register) used to represent the number of occurrences of an event. 

CPU 

• Abbreviation for Central Processing Unit the portion of a computer composed of the ALU 
and the Control Unit. 
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• It is where instructions are fetched, decoded and executed and the overall activity of the 
computer is controlled. 

Crash. A term used when the computer breaks down at the time of programmimg. 

Data. 

• Characters grouped together in specific patterns, to which meaning is assigned. 

• Commonly used to designate the numbers, facts, concepts, or the like to be processed 
by a program although any information input to a computer system is considered data. 

Data Base. A collection of logically related data elements that may be structured in various 
ways to meet the multiple processing and retrieval needs of individuals/organisation. 

Debug. To trace and correct errors in programming code of hardware malfunctions in a 
computer system. 

Decode. To interpret a code. 

Documentation. A collection of written description and procedures that provide information 
and distance about a program or about all or part of a computer system so that it can be properly 
used and maintained. 

DOS. Acronym for Disk Operating System. 

DP. Abbreviation for Data Processing. 

Encode. To convert data into a code. 

Feedback. Data produced as output by a program and used as input to another phase in 
the same program so as to modify or correct the factors that have produced the output. 

File 

• A collection of logically related records dealt with as a unit. 

• It is usually referenced by a symbolic name. 

Floppy Disk. Auxiliary memory storage device consisting of magnetic film coated on this 
flat plastic substrate. 

Flow Chart 

• A graphical representation of the processing steps performed or sequence of logic operations 
implemented in hardware, software, firmware or manual procedures. 

• It is a chart illustrating the logic sequence of events that must be performed to attain a 
predetermined aim. 

Format. The defined arrangement and location of data items within a large unit of storage. 
FORTRAN. Acronym for FORmula TRANslation, a scientific programming language used 
to perform mathematical computation. 

Gate 

• A circuit that has one or more input signals and produces a signal output of binary 1 
or 0, depending on the type of logic built into the circuit. 

• The relationship of input and output logic gates is generally described in a 4 'truth table”. 
Hardware. The physical equipment and components in a computer system. 

Hybrid computer 

• The computer that is a combination of an analog and digital computer linked together 
by an interface system for converting analog data or vice-versa. 
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• Used in scientific research and other such specialized applications. 

Input. Data fed to computer and process of feeding it. 

Inverter 

• A gate with only one inpui and one output. 

• The output is always the complement of the input. 

• Als6 known as a NOT gate. 

Karnaugh Map. A graphical display of the fundamental products in a truth table. 
Language. A means of conveying information (data) between people and machines. 

LIFO. Acronym for Last In-First Out. 

Latch. The simplest type of flip-flop, consisting of two cross coupled NAND or NOR 
latches. 

LED (Light Emitting Diode) : 

• A semiconductor diode, the junction of which emits light when energised [passing a 
current in the forward (junction ON) direction]. 

• Used in the construction of display indicators. 

Logic circuit. A circuit whose input and output signals are two state, either high or low 
voltage. 

Loop. A series of instructions which are executed interactively. 

Machine Language. The language with which a computer works directly. 

Master file 

• A file containing relatively permanent data. 

• This file is often updated by records in a transaction file. 

Microcomputer : 

• A small, low cost computer containing a microprocessor. 

• Used for a wide variety of purposes, as in a small department within large businesses, 
and in home, as for household management, video games etc. 

Microprocessor : 

• A chip that contains the ALU, SCRATCH PAD MEMORY, and CONTROL UNIT in a 
microcomputer. 

• The microprocessor is the CPU of a microcomputer. 

Minicomputer. A computer, sizewise, in between a micro and mainframe types. 

Modular Programming. Technique of working programs in modules. 

MOSFET. Metal Oxide Semiconductor Field Effect Transistor. 

Parity. The concept of parity is a check on the accuracy of data. 

PASCAL. A popular high-level language that facilitates the use of structured programming 
techniques. 

Personal Computer (P.C.) A relatively low-cast portable microcomputer, generally sold with 
software packages and useful in word processing, maintaining a budget, storing mailing lists, 
playing computer games etc. 

Program. A list of instructions defining the sequential activities or operations to be performed 
by a computer to solve a problem. 
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Programming. Giving instructions to a computer before it begins to work. 

RAM (Random Access Memory). A type of memory in which any location can be accessed 
directly without having to follow a sequence of storage locations. 

ROM (Read only Memory). A type of memory chip that can be read but cannot be written 
on or altered. 

Word processor 

• An, automated, computerized system incorporating variously an electronic type writer, 
CRT terminal, memory, printer and the like. 

• It is used to prepare, edit, store, transmit, or duplicate letters, reports, records etc..., as 
for business some programs now have spelling and syllabification verifiers. 


OBJECTIVE TYPE QUESTIONS 


A. Choose the Correct Answer : 

30.1. Most of the digital computers do not 
have floating-point hardware because 

(a) it is slower than software 

(. b ) it is not possible to perform floating 
point addition by hardware 

(c) of no specific reason 

(d) floating point hardware is costly 

30.2. In digital computer, an index register 
is a register to be used for 

(a) counting number of times a pro¬ 
gram is executed 

(b) performing arithmetic and logic 
operations 

(c) address modification purpose 

(d) temporary storage of result 

30.3. Due to which of the following reasons 
digital computers are more widely used 
as compared to analog computers ? 

(a) They are easier to maintain 

(b) They are less expensive 

(c) They are useful over wider ranges 
of problem types 

(d) They are always more accurate and 
faster 

30.4. In a digital computer, program counter 

(a) points the memory address of the 
current or the next instruction 

( b ) counts the number of programs run 
in the machine 


(c) counts the number of times a sub¬ 
routine is called 

(d) counts the number of times the 
loops are executed 

30.5. Some digital computers are called 
decimal computers because 

(a) each decimal digit is separately 
encoded in the binary 

( b ) decimal numbers can be read in 
such computers 

(c) each memory element in such com¬ 
puters has 10 district stable states 

(d) none of the above 

30.6. In a digital computer, if it is required 
to multiply two binary numbers, in the 
computer 

(a) a hardware divider is essential 

( b ) it is adequate to have adder sub¬ 
tractor unit and shift register 

(c) both a hardware multiplier and an 
adder subtractor unit are essential 

(d) a hardware multiplier is essential 

30.7. In a digital computer an index register 
is used for 

(a) indirect addressing 
{b} address modification 
(c) pointing to the stack address 
{d) none of the above 

30.8. In a digital computer . can be 
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memorized indefinitely. 

(a) only numerical data 

( b ) only non-numerical data 

(c) both numerical and non-numerical 
data 

(d) neither numerical nor non-numeri¬ 
cal data 

30.9. Access in magnetic drum memory is 
{a) a cyclic sequential 
(/?) completely random 

(c) sequential and cyclic 

(d) partly random and partly cyclic 
sequential 

30.10. Which of the following is an output 
device for an analog computer ? 

(a) CRO 

(b) Recorder 

(c) Panel meter 

(d) All or any of the above 

30.11. Out of the following memory types, 
one that is volatile is 

(a) magnetic disc 

( b ) ferrite core 

(c) semiconductor ROM 

(d) semiconductor RAM 

30.12. Introducing parity bit for error detection 
does not imply 

{a) automatic error correction 

(b) increase in the hardware in the 
system 

(c) odd number of error detection 

(d) increase in the length of the code 

30.13. Number of cards read per minute by 
a card reader may be of the order of 

• (a) 1 (b) 20 

(c) 300 (d) 10000 

30.14. A 4-bit data word is called . 

{a) data bus ( b ) band 

(c) byte (<f) nybble 

30.15. The number of nybbles which make 

up one byte is . 

(a) 2 ( b ) 4 

(c) 8 (d) 16 


30.21 

30.16. The heart of analog computer is . 

(a) OPAMP 

(b) CPU 

(c) I/O 

( d) combination of these 

30.17. Which of the following are the 
applications of digital computers ? 

{a) Line control or real time control 

( b ) Business and specific problems 

(c) Simulation 

(d) All of the above 

30.18. Which of the following is the limitation 
of an analog computer ? ■ 

(a) Slow speed and high speed 

( b ) Maximum and minimum voltage 

(c) Combination of ( a ) and ( b ) 

(d) None of the above 

30.19. A digital computer utilizes which of 
the following ? 

(a) Light digits 

(b) Numerical digits 

(c) Binary digits 

(d) None of the above 

30.20. Which of the following statements is 
incorrect ? 

(a) Computers can be classified as 
Analog, Digital and Hybrid com¬ 
puters 

(b) Computer is an aid to computation 

(c) A digital computer utilizes digits 
0 to 9 to perform mathematical 
operations 

(d) Automatic computing machines are 
called computers 

(e ) Analog computer operates in real 
world and performs operations like 
addition, scalar multiplication and 
integration 

30.21. Subroutines are used in larger programs 
not 

( a ) to reduce program extension time 

( b ) to increase the programming ease 

(c) to reduce storage equipment 

(d) for ease of program testing at the 
program development time 
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30.22. In digital computer programming, sub¬ 
routines are used 

(a) to reduce program execution time 
at the expense of more memory 
ib) to reduce storage requirements 
(c) to increase programming ease and 
reduce storage requirements 
id) because most of the functions are 
same 

30.23. Microprogram is 

(a) the name of programs of very small 
size 

( b) the name of the source program 
in microcomputers 

(c) the set of instructions including 
the primitive operations in a system 

(d) the general name of ‘MACRO’S’ 
in assemly language programming 

30.24. A sequential logic circuit has . as 

feedback element. 

(a) delay 

(b) memory 

(c) either of the above 
id) none of the above 

30.25. In a sequential logic circuit the output 

is a function of .... inputs and . 

history of the inputs. 

(a) present, previous 

( b ) future, past 

(c) present, future 

id) past, present 

ie) future, present 

30.26. A sequential circuit is combinational 

circuit with a feedback elements as in 
(a) flip-flops ib ) counters 

(c) accumulators id) shift registers 

ie) all of the above 

30.27. Dynamic hazard takes place in a 

ia) dynamic analog circuit 

ib) combinational circuit 
(c) sequential circuit 
id) either ib) or (c) 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

30.28. Sequential circuits are 

ia) clocked or synchronous 

ib) unlocked or asynchronous 
(c) either of the above 

id) none of the above 

30.29. The outputs of flip-flop are 

ia) multiple of input 

ib) sum of the inputs 

(c) logically inverse of each other 
id) any of the above 

30.30. Magnetic cores are generally used in 
main memory of a digital computer 
because 

ia) they are readily available in the 
market 

ib) they are fast and non-volatile 
(c) they are cheap 

id) they are the only volatile memory 
available 

30.31. A semiconductor Read-only-memory 
basically is 

ia) a set of flip-flop memory elements 

ib) a combinational logic circuit 

(c) a sequential circuit with flip-flops 
and gates 

id) none of the above 

30.32. 4 ‘Microprogramming” is a technique 
for 

ia) writing small programs efficiently 

ib) programming the microprocessors 
(c) programming output/input 

id) programming the control steps of 
a computer 

30.33. Number of characters read per minute 
by a high speed paper tape recorder 
of a computer system is of the order 
of 

id) 10 ib) 50 

(c) 300 id) 10000 

30.34. An operational amplifier is 

ia) a low gain amplifier without feed¬ 
back 
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( b ) a high gain amplifier indirecly 
coupled without feedback 

(c) a very-high-gain direct coupled 
amplifier with feedback 

( d ) none of the above 

30.35. Compiler is a software program to 

(a) convert the program into digital 
form or analog form 

( b ) compile the instructions in a 
register 

(c) change high level programming 
language into the low level lan¬ 
guage acceptable by the machine 

(d) pefrom all the above functions 

30.36. In an ideal operational amplifier the 
output impedance should be zero. In 
practice it is in the range of 

(a) few milliohms to one ohm 
{b) few ohms to a few hundred ohms 

(c) few hundred ohms to few kilo 
ohms 

(d) few kilo ohms to few mega ohms 

30.37. The gain of an operational amplifier, 
at higher frequencies attenuates 
markedly mainly due to 

(a) the effect of stray capacitances 

( b ) heat generated 

(c) reduced transit time 

(d) low wave length 

30.38. In an operational amplifier the noise 
can be reduced by 

(a) attenuation to grounding 

( b ) shielding 

(c) use of low pass filters on incoming 
power leads 

(d) all of the above 

30.39. An operational amplifier can be used 
for implementing which of the follow¬ 
ing mathematical operations ? 

(a) Addition and subtraction 

(b) Integration and differentiation 

(c) Scale changing and sign reversal 

(d) Any of the above 


30.40. The gain of an operational amplifier 
will be maximum at 

(a) 1 Hz (b) 50 Hz 

(c) 100 Hz ( d ) direct current 

30.41. In operational amplifiers high input 
impedance 

(a) results in internal osciallations 

( b) increases the loop gain 

(c) reduces the loop gain 

( d) increases phase shift 

30.42. At higher frequencies in an operational 
amplifier output voltage 

(a) leads with respect to input voltage 

( b ) lags with respect to input voltage 

(c) tends to be in phase with the input 
voltage 

(d) tends to be 180° out of phase with 
the input voltage 

30.43. Which of the following is an advantage 
of solid state amplifiers over the 
amplifiers using electron tubes? 

(a) Better reliability 

(b) Low power requirements 

(c) Smaller size 

( d) All of the above 

30.44. A subtractor is normally not used in 
a modem digital computer because 
(a) most of the programs do not require 

subtraction 

C b ) the adder is geared for doing sub¬ 
traction only 

(c) subtractors are very expensive 

(d) the design of a subtractor is very 
complex 

30.45. The operating temperature range for 

operational amplifiers, in general, is 
(a) 0°C to 20°C (b) 0°C to 70°C 

(c) 0°C to 100°C {d) 0°C to 200°C 

30.46. Log amplifiers generally find applica¬ 
tion in 

(a) dividers 

( b ) dividers and multipliers 

(c) dividers, multipliers and differen¬ 
tiators 
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(d) dividers, multipliers, differentiators 
and integrators 


30.47. is non-linear system. 

(a) Logrithmic amplifiers 

( b ) Current to voltage converter 

(c) Voltage to current converter 

(d) None of the above 


30.48. The use of OPAMP is generally not 
preferred as 

(a) integrator ( b ) divider 

(c) subtractor (d) differentiator 


30.49. Feedback in an amplifier 

(a) reduces sensitivity and increases 
gain 

(b) reduces sensitivity as well as gain 

(c) increases sensitivity as well as gain 

(d) increases sensitivity and reduces 
gain 


30.50. The delay in a digital computer while 
waiting for information called for from 
the memory to be delivered to the 
arithmetic unit is known as 

(a) shift ( b ) overflow 

(c) latency (d) memory 

30.51. . is a device in an analog computer 

for resolving a vector into two mutually 
perpendicular components. 

(a) Sub-routine 

(b) Register 

(c) Resolver 

(d) None of the above 

30.52. Semiconductor memories are 

(a) volatile 

(b) non-volatile 

(c) volatile as well as non-volatile 

(d) neither volatile nor non-volatile 

30.53. A punched card has 

(a) 8 rows and 60 columns 

(b) 10 rows and 72 columns 

(c) 12 rows and 80 columns 

(d) 16 rows and 100 columns 

30.54. Which memory has the highest storage 
capacity ? 


(a) Magnetic tape 

(b) Magnetic disc 

(c) Core memory 

(d) Semiconductor memory 

30.55 . is an instruction or signal in a 

'digital computer, which conditionally 
or unconditionally specifies and directs 
the computer to the next instruction. 

(a) Level 

(b) Jump 

(c) Loop 

(d) None of the above 

30.56 . is the name or number that desig¬ 

nates the locations of information in 
a storage or memory device. 

(a) Code (b) Memory 

(c) Address (d) Channel 

30.57 .is a signal which prevents a circuit, 

gate or other device from being trig¬ 
gered or activated. 

(a) Inhibit 

(b) Feedback 

(c) Loop 

(d) None of the above 

30.58. In a computer the repetition of a group 

of instructions in a routine is known 
as . 

(a) logical function ( b ) hold 
(c) loop (d) instruction 

30.59. An arbitrary code not related to the 
circuitry of a computer code, which 
must be first translated into a computer 
code, if it is to direct the computer, 
is known as 

(a) puke code 

( b ) binary code 

(c) programmed code 

(d) pseudo code 

30.60. In a counter or register, the production 

of a number that is beyond the storage 
capacity of the counter or register is 
known as . 

(a) overflow 
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( b ) executive routine 

(c) iterative loop 

(d) logical function 

30.61.is usually the output device for an 

analog computer. 

(a) X-Y plotter 

( b ) Graphic display 

(c) Line printer 

(d) Magnetic tape 

30.62. Amplitude scaling is done in analog 
computers 

(a) to reduce voltage drift 
0 b) to reduce noise 

(c) for highest precision 

(d) all of the above 

30.63. CMRR (Common Mode Rejection 
Ratio) for a differential amplifier Should 
be 

(a) zero (b) unity 

(c) small (d) large 

30.64. Permanent data like logarithmic tables 
are stored in a computer on a 

(a) ROM (b) tape 

(c) drum ( d) core 

(e) RAM 

30.65. ROM has a 

(a) multiplexer followed by a decoder 

(b) demultiplexer followed by an en¬ 
coder 

(c) decoder followed by an encoder 

(d) none of the above 

30.66. RAM (Random Access Memory) is 
. memory 

(a) fastest ( b ) slowest 

(c) random (d) write only 

(e) read only 

30.67. Which of the following is a volatile 
memory ? 

(a) Flip-flop (b) Magnetic disc 

(c) Magnetic core (d) Drum 

( e ) Magnetic tape 

30.68. RAM (Random Access Memory) is 


30.25 

(a) drum ( b ) tape 

(c) core (d) flip-flop 

30.69. MAR is symbolic form of 

(a) Master adder register 

(b) Main accumulator 

(i c) Magnetic amplified register 

(d) Memory address register 

30.70. MDR stands for 

(a) Main divider register 

(b) Master delay register 

(c) Main demodulating register 

(d) Memory data register 

30.71. Flip flops are used , as . 

(a) dynamic memories 

(b) buffer memories for storage of in¬ 
termediate results 

(c) registers. 

(d) either ( b ) or (c) 

30.72. Dynamic memories are . 

(a) flip-flops 

(b) circulating registers 

(c) delay lines 

(d) both ( b ) and (c) 

30.73. A synchronous counter 

(a) requires more logical elements 

(b) has flip-flops that change states 
simultaneously 

(c) is complicated and capable of 
operating at high frequencies 

(d) all of the above 

30.74. Carry look ahead adder is not used 
when 

(a) number of bits are more 

(b) time is an important factor 

(c) only carry is required 

(d) to save long time for propagation 
of carry 

30.75. When flip-flops are connected as to 
have output of one of the flip-flops as 
the input of the other then it is called 


(a) storage register 

(b) data register 
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(c) counter 
(< d) shift register 

30.76. Race conditions can be avoided by 

introducing . between the flip-flops. 

{a) harmonic suppressor 

( b ) deaccelerators 

(c) delay 

(d) dusting 

30.77. A MOSRAM has 

(a) less memory density 

( b ) large memory density 

(c) less area, less heat dissipation and 
less access time of 1 ps 

( d) both ( b) and (c) 

30.78. A control unit has which of the fol¬ 
lowing ? 

(a) Program counter (PC) 

( b ) Memory register (MR) 

( c ) Address register (AR) 

(d) Function register (FR) 

(e) All of the abo^e 

30.79. A floppy disc memory has which of 
the following characteristics ? 

(a) It has provision for automatic load¬ 
ing and needs less maintenance 

( b ) It is a removable disc system, made 
up of plastic material 200 mm in 
diameter and coated with ferrite 
coating (0.08 mm thick) 

(c) The time taken to complete one 
revolution (latency) is 83 milli¬ 
seconds 

(d) It has 73 data tracks, 26 sectors 
per track, 64 words per sector, it 
can store 121472 words. Speed 
360 r.p.m. 

(e) All of the above 

30.80. Average latency time of magnetic tape 
memory is 

( a ) 2 seconds ( b ) 8 seconds 

( c ) 32 seconds ( d) 60 seconds 

30.81. Binary information can be stored in a 

(a) flip-flop 

(b) latch 
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(c) register 

(d) all of the above 

30.82. In a magnetic tape blanks are provided 
at the 

{a) middle of the tape 

( b ) start of the tape 

(c) end of the tape 

(d) start and end of tape 

30.83. Output circuit of a computer is used 
to 

(a) store the data till it is convened 
to analog form 

(b) convert the digital data into digital 
form acceptable to the read out or 
display 

(c) either of the above 

(d) none of the above 

30.84. Input circuit of a computer is used to 

(a) convert the input data into digital 
form 

(b ) store the data in digital form till 
it is stored in memory of the com¬ 
puter 

(c) both (a) and ( b ) 

(d) either (a) or ( b ) 

30.85. Most of the desk-top computers use 
monolithic ICs rather than thin-film 
ICs because 

(a) logic circuits used in computers 
cannot be built as thin-film ICs 
{b) larger resistance values are possible 
with monolithic ICs 

(c) monolithic ICs are more compact 

(d) larger capacitance values are pos¬ 
sible with monolithic ICs 

30.86. In a monolithic IC, resistors are formed 
from 

(a) aluminium ribbon 

(b) ceramic material 

(c) manganin wire 

(d) p-type semiconductor 

30.87. Regarding CMOS ICs which of the 
following statements is incorrect ? 
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(a) They are not much used in watches 
and clocks 

( b ) They have extremely low power 
consumption in both the ON and 
OFF state 

(c) Being highly immune to spurious 

noise, they are particularly suitable 
for environments such as 

automobile engines 

(d) They can be connected in parallel 
to handle both digital and analog 
signals in either direction 

30.88. In a decimal digital computer, the num¬ 
ber 127 is stored as 

(a) 1111111 (b) 000100100111 

(c) 10001 (d) 11000111 

30.89. The decimal equivalent of the 

hexadecimal number E5 is 

(a) 229 

(b) 279 

(c) 327 

(d) none of the above 

30.90. In the 8421 BCD code, the decimal 
number 125 is written as 

(a) 1111101 ( b ) 000100100101 

(c) 7D ( d ) None of these 

30.91. Indicate which of the following three 
binary additions is incorrect ? 

(a) 1011 + 1010 = 10101 
(h) 1010 + 1101 = 10111 

(c) ioio + noi = mu 

{d) None of the above 

30.92. Which of the following statements is 

correct ? 

(a) Decimal 10 is represented as 1001 
in binary code 

( h ) Decimal 9 is represented as 1011 
in Excess-3 code 

(c) Decimal 9 is represented as 1001 
in BCD code 

(d) Decimal 10 is represented as 1100 
in Gray code 

30.93. (1 IN. 11)2 is 

(«) (1.01) IO (b) - (0.75)j 0 

(c) (15.3) 10 (d) (15.75) 10 


30.27 

30.94. A two-input OR gate is designed for 
positive logic. However, it is operated 
with negative logic. The resulting logic 
operation will then be 

(a) OR (b) AND 

(c) NOR (d) Ex-OR 

30.95. If one wants to design a binary counter, 
preferred type of flip-flop is 

(a) D-type ( b ) SR-type 

(c) latch (d) JK-type 

30.96. When a large number of anolog signals 
are to converted to digital form an 
analog multiplexer is used. The A to 
D converter most suitable in this case 
will be 

(a) forward counter type 

(b) up-down counter type 

(c) successive approximation type 

(d) dual-slope type 

30.97. Which of the following logic family 
is fastest of all ? 

(a) TTL ( b ) RTL 

(c) DCTL (d) ECL 

30.98. Position logic in a logic circuit is one 
in which 

(a) logic 0 and 1 are represented by 
0 and positive voltages repectively 

(b) logic 0 and 1 are represented by 
negative and positive voltages 
respectively 

(c) logic 0 voltage level is higher than 
logic 1 voltage level 

(d) logic 0 voltage level is lower than 
logic 1 voltage level 

30.99. In negative logic the logic 1 state 
corresponds to 

(a) earth level 

(b) negative voltage 

(c) higher voltage level 

(d) lower voltage level 

30.100. A NAND gate is called a universal 
logic element because 
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(a) many digital computers use NAND 
gates 

ib) all the minimization techniques are 
applicable for optimum NAND 
gate realization 
(c) it is used b^everybody 
(dj any logic function can be realized 
-by NAND gates alone 

30.101. When an input signal A = 10100 is 
applied to a NOT gate, its output signal 
is 

(a) 10101 ( b ) 01001 

(c) 01011 ( d ) 00101 

30.102. A certain 3-input logic gate has its 
three inputs : X = 1, Y = 0 and Z = 0. 
If its output W = 1, the gate is 

ia) NOR ( b) NAND only 

(c) AND {d) OR only 

(e) either NAND or OR 

30.103. If A and B represent the inputs of an 
‘Exclusive OR’ logic gate circuit, its 
output Y is_ given by 

id) Y = AB + AB 
0b) Y = AB + AB 
.(c) E = A + £ + AR 
id) None of the above 

30.104. In position logic, the logic 0 state 
corresponds to 

(a) zero voltage 

ib) any positive voltage 
(c) higher voltage level 
id) lower voltage level 

30.105. ABMV is a 

(a) sine-wave oscillator 
ib) saw tooth oscillator 
(c) triggered oscillator 
id) free-running oscillator 

30.106. A bistable mutlivibrator is used as a 
(a) wave shaper 

ib) frequency multiplier 

(c) frequency divider 

id) free-running multivibrator 

30.107. An MMV is frequently used 

ia) for regeneration of distorted waves 
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{b) in counting circuits 

(c) in memory and timing circuits 

id) for producing triangular waves 

30.108. A relaxation oscillator is one which 

ia) oscillates continuously 

ib) has two stable states 
(c) relaxes indefinitely 

id) produces non-sinusoidal output 

30.109. Monostable multivibrator is called one- 
shot or single-shot circuit because of 
which of the following reasons ? 

ia) It always returns by itself to its 
single stable state 

ib) It can be used singly and not with 
other circuits 

(c) It can be used once 
id) It changes to quasi-stable state for 
a fixed period of time upon receipt 
of triggering signal 

30.110. Gray code is used in devices which 
convert analog quantities to digital sig¬ 
nals because it is 

ia) superior to Excess-3 code 

ib) more error free 

(c) absolutely error free 

id) much simpler than binary code 

30.111. A half adder can be made from which 
of the following ? 

(a) Two NAND gates 
ib) A NOT gate and an OR gate 
(c) An AND gate and an OR gate 
id) An AND gate and an X-OR gate 

30.112. A binary full-adder 

ia) recirculates the carry 

ib) is combination of two half adders 
and a NOR function 

(c) adds two full binary numbers 
simultaneously 

id) adds two binary digits and a carry 
from a previous addition 

30.113. Registers and counters are similar in 
the sense that they both 

ia) are, in fact, shift registers 

ib) count pulses 
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(c) store binary information 

( d ) are made from an array of flip-flops 
and gates integrated in a single 
chip 

30.114. Which of the following statements is 
incorrect regarding sequential logic cir¬ 
cuit ? 

(a) It is also called clock logic or 
synchronous logic 

( b ) It is one whose outpuis change 
immediately when the inputs 
change 

(c) It is one that requires a clock to 
change states 

(d) It is one which past affects the 
present states 

30.115. A decade counter 

(a) counts to 9 and resets on the next 
pulse 

(b) counts for ten days, 

(c) counts ten times faster than a 
binary counter 

(d) reverts on the pulse after the tenth 

30.116. The following equation corresponds to 
De Morgan’s theorem in Boolean 
algebra 

(#) (A + B)(A + B) = AA + AB + 
BA + BB 

(b) ABC = A + B + C 

(c) A + AB = A 

30.117. The binary equivalent of decimal num¬ 
ber 13 is 

(a) 1001 (b) 1100 

(c) 1010 (d) 1101 

30.118. The decimal number 422 is equal to 
which of the following hexadecimal 
number ? 

(a) 6 A (b) A 6 

(c) 6 A 1 (d) 1 A 6 

30.119. The binary number 1010 is equivalent 
to 

(a) 10 10 ( h) 2 10 

(c) 7, 0 - (d) none of these 


, 30.29 

30.120. The decimal equivalent of 101.101 is 

(a) 5.625 (b) 7.625 

(c) 45 ( d) 41 

30.121. A D flip-flop can be made from a 

(a) RS flip-flop and an inverter 

( b ) JK flip-flop and an inverter 

(c) RS flip-flop 

( d) Both ( b ) and (c) 

30.122. A binary half-adder 

(a) works at half the speed 

( b ) adds two binary digits and halves 
the results 

. (c) adds two binary digits and 
produces their sum and carry 

(d) adds half the sum to the carry 

30.123. Regarding multiplexer which of the 
following statements is correct ? 

(a) It stores data in multiple bits 
.(i>) It multiplies four 4-bit words 

(c) It has multiple inputs and a single 
output 

(d) It has a single input and multiple 
outputs 

/ 

30.124. 3-input logic gate has its three inputs : 
X = 0, Y = 1 and Z = 7. If its output 
W = 7, the gate would be 

(a) NOSE ( b ) OR 

(c) AND {d) NOR 

(e) NOT 

30.125. The NOT symbol at the output of an 
OR gate converts it into .... gate 

(a) NOPE ( b ) NAND 

(c) AND (d) NOR 

30.126. Address bits needed to access a 64 K 
memory are 

(a) 1 (b) 8 

(c) 16 (d) 32 

30.127. In a register the flip-flops are connected 
in 

(«) series 

( b) parallel 

(c) series-parallel 

(d) any of the above 
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30.128. Successful languages with micropro¬ 
cessor are 

(a) MODULA (b) FORTRAN 

(cj BASIC (d) CORAL 

(e) PASCAL if) all of the above 

30.129. CPU or MPU consists of which of the 
following ? 

(a) Memory 

(h) Control circuitry 

(c) ALU 

(cl) All of the above 

30.130. A microprocessor can be 

(a) non-programmable 
(h) microprogrammable 
(e) macroprogrammable 
(cl) ail of the above 

30.131. A hybrid computer can be 

(a) unilateral 

(b) bilateral 

(c) multilayer 

(cl) either (a) or ( b ) 

30.132. Which of the following statements is 
incorrect ? 

(a) A 8-bit accumulator can store upto 
255 integers 

(b) In microprocessor program is 
stored in memory and data is stored 
in registers 

(c) A microprocessor is a true dedi¬ 
cated device 

(cl) A PC counts the number of 
programs run after starting 

30.133. Read cycle must be followed by 

(a) random access cycle 

(b) write cycle 

(c) ROM cycle 

(cl) any of the above 

30.134. Block structured computer language is 

(a) FORTRAN and ASSEMBLY 

(b) ALGOL 

(c) PASCAL 

(cl) both ( b ) and (c) 


30.135. Digital differential analyzer is used to 
solve 

(a) set of linear differential equations 

( b ) set of non-linear differential equa¬ 
tions 

(c) non-linear differential equations 

(d) linear differential equations 

(e) any of the above 

30.136. In 8-bits microcomputer the fetch 

cycles required to fetch a 8 byte in¬ 
struction will be 

(a) 2 (b) 3 

(c) 4 (d) 8 

(e) depends upon design of micro¬ 

computer 

30.137. File in microcomputer is a collection 
of 

(a) papers in a cardboard file 

(b) user defined instructions 

(c) magnetic diskettes 

(d) registers 

30.138. Address bus of intel 8085 is .... bit 
wide. 

(a) 2 (b) 4 

(c) 8 (d) 16 

30.139. Functions of a MPU is to 

(a) fetch an instruction word stored in 
memory 

(c) discriminate the instruction 

(c) execute the instruction 

(d) all of the above 

30.140. One byte of memory will contain .... 
bits. 

(a) 4 (b) 8 

(c) 16 (d) 64 

30.141. Semiconductor memory has .... memory 
cell 

(a) slow (b) fastest 

(c) lowest (d) highest 

30.142. The ratio of speeds of vertical memory 
to main memory is 

(a) 10 (b) 8 

(c) 1 (d) 1/10 
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30.143. An upward counter can count in .... 
direction 

(ia ) forward 
(Jb) backward 

(c) both (a) and ( b) 

(d) either (a) or (b) 

30.144. Main application of a monostable 
vibrator in a digital computer is 

(a) wave analysis 

(b) triggering 

(c) wave shaping 

(d) all of the above 

30.145. If an inverter is placed at the input to 
an SR flip-flop, the result is 

(a) BCD decade counter 

(b) T flip-flop 

(c) D flip-flop 
(i d) JK flip-flop 

30.146. A computer derives its basic strength 
from 

(a) memory 

(b) speed 

(c) accuracy 

(d) all of the above 

30.147 .is the sequence of instructions that 

tell the computer how to process the 
data. 

(a) Assress (b) Program 

(c) Flow chart (d) Control unit 

30.148 .is regarded as father of computers. 

(a) Pascal 

(Jb) Charles Babbage 

(c) John Napier 

(d) Abascus 

30.149. The equipment attached to CPU which 
computer can access are called 

(a) countrol units 

(b) computer components 

(c) hardware 

( d) peripherals 

30.150. A source prog^dm is a program written 

in '1 

(a) alphanumeric characters 


( b ) high level language 

(c) machine language 

( d) symbolic language j 

30.151. Computers that deal wi{h discrete data 
are called .... computers. 

(a) micro ( b ) hybrid 

(c) digital (d) analog 


30.152. A computer 
electronic 
(a) parts 
(c) devices 


consists maiply of 

( b) chips 

(d) circuits 


30.153. The differential equations are solved 
by which of the following ? 

(a) Digital computers 

(b ) Analog computers 

(c) Differential machine 

(d) Both digital and analog computers 


30.154. Programs written to cause computers 
to function in a desired way are called 
(a) facts ( b) codes 

( c) instructions (d) software 


30.155. A group of electronic, magnetic or 
mechanical devices that store data is 
called 

(a) program (b) software 

(c) register (d) address 


30.156.gate is a two level logic gate. 

(a) AND (b) NAND 

(c) NOT (d) Ex. OR 

30.157. Which of the following is associated 
with second generation computers ? 

(a) Magnetic core memory 

( b ) Transistors 

(c) High level procedural language 

(d) Operating system 

( e ) All of the above 

30.158. An interface is basically a component 

that I; 

(a) allows two incompatible entities to 
interact with one another 

(b) permits communication with com¬ 
puter 
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(c) enchances the capability of sys¬ 
tem/equipment 

(d) corrects the errors in programs 

30.159. Which of the following is not a 
hardware ? 

(a) Printer ( b ) CRT 

(c) Card ( d) Assembler 

30.160. is the heart of a digital computer. 

(a) Memory unit 

( b ) Logic unit 

(c) Control unit 

(d) Visual display unit 

30.161. Flow chart is a diagrammatic repre¬ 
sentation 

(a) of a chart indicating the flow of 
the process 

( b) indicating the events occuring in 
the logical sequence and showing 
the inter-relation between them 

(c) indicating the events of physical 
system 

(d) any of the above 

30.162. A string of binary digits treated as a 
unit is called a 

(a) word ( b ) bit 

(c) byte ( d) character 

30.163. Register is a 

(a) part of the auxiliary memory 

( b ) device to convert current signal 
into voltage signal 

(c) temporary storage unit within the 
CPU having dedicated or general 
purpose use 

C d ) set of paper tapes and cards put 
in a file 

30.164. The ‘Boolean algebra’ is based on the 
premise that 

(a) differential equations can be solved 
by analog circuits 

( b ) there are two states 

• (c) data can be stored and retrieved 

(d) either a statement is true or false 

30.165. Which of the following functions is 
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referred as the complementary ? 

(a) NAND function 

(b) NOR function 

(c) OR function 

(d) NOT function 

30.166. Memory is divided into many numeri¬ 
cally adderssed 

(a) addresses ( b ) codes 

(c) locations ( d) cells 

30.167. In a computer system, which of the 
following has largest number of 
mechanical components and thus most 
unreliable ? 

(a) Magnetic drum 
(h) Memory 
■(c) Printer 

(d) Floppy disk 

30.168. In a computer system which of the 
following is most troublesome ? 

(a) CRT ( b ) Floppy disk 

(c) Printer ( d) CPU 

30.169. Storage of IK means that it has fol¬ 

lowing numbers of storage locations 
(a) 964 (b) 1000 

(c) 1024 (d) 1032 

30.170. A bootstrap is 

(a) a device to support computer 

( b) a memory device 

(c) an error correction device/techni¬ 
que 

(d) a small initialisation computer pro¬ 
gram to start up an inactive com¬ 
puter 

30.171. Base 8 is often used in computing 
because 

(a) very often word is of 8 bits 
ib) there are 8 bits in a byte 

(c) it can represent long strings of 
binary l’s and 0’s in a more com¬ 
pact form 

(d) electronic circuits can be made 
economically 

30.172. The intelligence quotient of a computer 
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could be of the order of 

(a) 0 (b) 50 

(c) |00 (d) 200 


30.173. A combination of 16 bits could be 
called'*' 


(a) word ( b ) hexadecimal 

(c) byte ( d) nibble 


30.174. A computer is capable af performing 
almost any task, provided that it can 
be 

(a) analysed 

( b ) memorised 
. (c). coded 

(d) reduced to a series of logical steps 


30.175. The binary information contained in a 
computer is referred to as 

(a) program (b) instruction 

(c) memory ( d ) word 

30.176. In analog computers time scaling is 
done to make them 

(a) operate in a time delay mode 

( b ) operate slow 

( c ) operate fast 

( d ) either operate fast or operate slow 

30.177. The data arranged in intelligible form 
in called 

(a) program ( b ) information 

( c ) software ( d) processed data 


30.178. The analog, computer deals directly with 
which of the following ? 

(a) Signals in discrete values from 0 
to 9 

( b ) Signals in the form of 0 or 1 

(c) Numbers or codes 

(d) Measured values of continuous 
physical magnitudes 

30.179. Modem computers compared to ear¬ 
lier computers are 

(a) slower but more reliable 

( b ) faster and smaller 

(c) larger and stronger 

(d) faster and larger 


30.180. A digital computer performs its com¬ 
putations by 

(a) counting 

( b ) analogy 

(c) guessing 

(d) mechanical means 

30.181. The accuracy of analog computers as 
compared to digital computers is 

( a ) less ( b ) more 

(c) nearly same (d) unpredictable 

30.182. An analog computer can be worked 
directly with 

(a) magnetic disk 

( b ) punched card 
,(c) magnetic tapes 

(d) none of the above 

30.183. The basic operations performed by a 
computer are 

(a) logic operations 

( b ) arithmetic operations 

(c) storage and retrieval operations 

(d) all of the above 

30.184. The hexadecimal number system is 
widely used in analysing and program¬ 
ming in 

(a) microprocessors 

(b) binary computers 

(c) decimal computers 

(d) analog computers 

30.185. The heart of analog to digital converter 
(ADC) is 

(a) clock pulse 

(b) pulse generator 

(c) current source 

(d) comparator 

30.186. Modem computers process 
(a) binary numbers 

(. b ) hexadecimal numbers 

(c) decimal numbers 

(d) digits and strings 

30.187. The faster type of ADC is 

(a) closed loop (b) parallel 

(c) time interval (d) successive 
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30.188. Computer can be run manually by 
means of 

{a) control units 

( b) computer control 

(c) on line devices 

(d) off line devices 

30.189. Computer peripheral is 

(a) a device for manually operating 
the computer 

( b) a device which is connected to 
CPU 

(c) a computer device which is not 
connected to CPU 

(< d ) none of the above 

30.190. Semiconductor memory is 

(a) a volatile memory 

(b) somewhat larger than the magitetic 
core memory 

(c) somewhat slower than magnetic 
core memory 

(d) none of the above 

30.191. The term ‘software’ refers to which 
of the following ? 

(a) Basic machine 

(b) Programming 

( c ) A thin soft-wire 

(d) None of the above 

30.192. Computer software consists of .... pro¬ 
gram. 

(a) operating system 

(b) system 

(c) application 

(d) all of the above 

30.193. The bare machine or electronic circuitry 
of a computer system in known as 

(a) firmware 

(i b ) hardware 

(c) software 

(d) none of the above 

30.194. Which of the following statements 
regarding a microprocessor is incor¬ 
rect ? 

(a) It is a single chip 
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(b) It is a solid state device 

(c) It consists of a block of memory 

(d) It can perform logical and arith- 
matic operations 

30.195. The only language which a computer 
can understand is 

(a) machine language 

(b) high level language 

(c) assembly language 

(d) all of the above 

30.196. Second generation computers are char¬ 
acterized by 

(a) use of transistors 

(b) use of large scale integration ICs 

(c) use of vacuum tubes 

(d) none of the above 

30.197. Machine language 

(a) differs from computer to computer 

( b ) is the only language which com¬ 
puter can understand 

(c) both ( a ) and ( b) 

(d) none of the above 

30.198. Peripherals are used to 

(a) expand computer’s capabilities 

( b) ensure the security of the system 

(c) both (a) and ( b ) 

(d) none of the above 

30.199. An off line device is used to 
(a) save computer time 

{b ) control the operation of the com¬ 
puter 

(c) execute small programs 
{d) all of the above 

30.200. program is used to put data files 

in order 

(a) Job control (b) Monitor 

(c) Editor (d) ^ort/merge 

30.201. Main frame computers are also called 

(a) microcomputers 

(b) minicomputers 

(c) host computer systems 

(d) none of the above 
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30.202. A microcomputer is 

(a) the smallest computer 

( b ) designed for single user 

(c) designed for multiple users 

(d) both (a) and ( b ) 

30.203. An impact printer is 

(a) capable of making carbon copies 

( b ) faster than a non-compact printer 

(c) slower than a non-compact printer 

( d) both (c) and ( b ) 

30.204. A sorter 

(a) reads one now at a time 

(b) compares data on different cards 

(c) reads one column at a time 

(d) all of the above 

30.205. The following technology is used for 
standard microprocessors 

(a) CMOS 
(. b ) NMOS 

(c) PMOS 

(d) any of the above 

30.206. A microprogram 

(a) is a program for microcomputers 

(b) is a program written in assembly 
language 

(c) is usually written in high level 
language 

(d) is a sequencing program for the 
control unit of any processor 

30.207. COBOL programs are divided into 

(a) two divisions ( b ) three divisions 

(c) four divisions (d) six divisions 

30.208. On detection of an error, part of the 

memory can be erased in 

(a) EROM (b) EAROM 

(c) EPROM (d) PROM 

30.209. A device which is used to connect a 
peripheral to bus is known as 

(a) communication protocols 

( b) control register 

(c) interface 

(d) none of the above 
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30.210. When a computer is time shared, the 
number of users at any time are 

(a) multiple ( b ) only three 

(c) only two ( d) only one 

30.211. An interpreter 

(a) is preferred for complex calculation 

( b ) occupies less memory space 

(c) has repaid turn around 

(d) is faster than compiler 

30.212. Compiler and interpreters are examples 
of 

(a) application software 

(b) system software 

(c) both ( a) and ( b ) 

( d) none of the above 

30.213. language uses mnemonic OP 

codes, 

(a) Machine (b) BASIC 

(c) Assembly ( d) High level 

30.214. A software program stored in a ROM 
that cannot be changed easily is known 
as 

(a) firmware ( b ) linker 

(c) editor ( d) hardware 

30.215. Which of the following are the two 
major types of flow charts ? 

(a) System, problem 

(b ) Program, problem 

(c) Program, system 

(d) Logic, system 

30.216. Which of the following is a 16-bit 
microprocessor ? 

(a) Motrola 6800 (b) Intel 8085 

(c) Intel 8086 (d) Zilog 80 

30.217. Microprocessor 8085 is the enhanced 

version of .with essentially the 

same construction set. 

(a) 6800 (b) 8000 

(c) 8080 (d) 68000 

30.218. Microprogramming is a technique 

(a) for writing small programs effecti¬ 
vely 
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(b) for programming output/input 
routines 

(c) for programming the micro-proces¬ 
sors 

(d) for programming the control steps 
of a computer 

30.219. A device that works in conjunction 
with a computer but not as a part of 
it is called 

(a) microprocessor 

(b) peripheral device 

(c) hardware 

( d) memory 

30.220. A program that can be used repeatedly 
throughout a major program is called 

(a) template 

(/?) program module 

(c) sub-routine 

(d) loop 

30.221. A system of letters, numbers symbols 
adopted by computer manufacturer as 
an abbreviated form of instruction sets 
is called 

(a) mesh ( b ) monitor 

(c) modem (d) mnemonic 

30.222. A microprocessor contains which of 
the following ? 

(a) Peripheral drivers 

(b) Most of the ROM 

(c) Most of the RAM 

(d) Most of the control and arithmetic 
logic functions of a computer 

30.223. introduced the first microproces¬ 

sor. 

(a) Fairchild 

(b) Motorola 

(c) Intel 

(d) National semiconductors 

30.224. In microprocessor architecture, flag in¬ 
dicates 

(a) the bitsize of the microprocessor 

(b) the number of microprocessor 

(c) the internal status of the CPU 

(d) the name of the manufacturer 
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30.225. Which of the following is contained 
in a CPU of a computer ? 

(a) Control, ALU, clock, RAM and 
ROM 

(b) Control and RAM 

(c) Control and ALU 

(d) Control, clock, RAM and ROM 

30.226. What is the bit size of 6800 pP ? 

(a) 4 bit ( b ) 6 bit 

(c) 8 bit (d) 16 bit 

30.227. The first practical microprocessor was 
introduced in 

(a) 1964 (b) 1971 

(c) 1978 (d) 1981 

30.228. Address usually is 

(a) numerical 

(b) alpha-numerical 

(c) alpha-betical 

(i d) any of the above 

30.229. In a train of binary signals, 1 band is 

equal to . bit/sec. 

(a) 2 (b) 1 

(c) 1/2 {d) 1/4 

30.230. Scratch-pad memory is a .... memory. 

(a) last-in first-in 

( b ) first-in first-out 

(c) local permanent memory 

(d) local temporary memory 

30.231. Which of the following elements does 
not belong to micro-computer system ? 

(a) RAM 

(b) ROM 

(c) Microprocessor 

(d) All of the above 

30.232. Logic shift affects .... positions. 

(a) zero ( b ) even 

(c) odd (d) all 

30.233. A microprocessor with 12-bit address 
bus will be able to access .... kilobytes 
of memory. 

(a) 0.4 ( b ) 2 

(c) 4 (d) 10 
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30.234. A microcomputer chip essentially con¬ 
tains which of the following ? 

(a) CPU only 

(b) Memory, CPU and I/O, lines 

(c) Memory (ROMs and RAMs) and 
^ALU 

{(f) None of the above 

30.235. A USART chip provides 

(a) full duplex operation 

( b ) half duplex operation 

(c) full duplex operation but cannot 
work in asynchronous mode 

0 d ) none of the above 

30.236. Every processor must necessarily have 

(a) a control bus 

( b) a data bus 

(c) a data bus and an address 'bus 

(d) a data bus, a control bus arid an 
address bus 

30.237. An index register in digital computer 
is used for 

(a) address modification 

(b) indirect address 

(c) pointing to the stack address 

( d ) storing one of the operands 

30.238. Which of the following is a minimum 
error code ? 

(a) Excess-3 code ( b ) Binary code 
(c) Octal code {d) Gray code 

30.239. Which of the following modes is used 
to extract information from storage? 

(a) Read and write mode 

( b ) Read mode 

(c) Write mode 

{d) Neither read nor write mode 

30.240. Read and write capabilities are avail¬ 
able in 

(a) ROM 

(b) RAM 

(c) Both (a) and ( b ) 

(d) Neither (a) nor (b) 

30.241. Which of the following systems is 
digital ? 

(a) PCM 0 b ) PWM 
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(c) PPM (d) PFM 

30.242.is an electrostatic device. 

(a) PNP transistor 
(i b ) NPN transistor 

(c) MOSFET 

(d) None of the above 

30.243. Which of the following is used as a 
data selector ? 

(a) Multiplexer ( b ) Demultiplexer 

(c) Decoder {d) Encoder 

30.244. Which of the following converters has 

a binary input ? 

(a) D/A 

(b) A/D 

(c) either of the above 

(d) none of the above 

30.245. A semiconductor ROM (Read-Only- 
Memory) basically is 

{a) a sequential circuit with flip-flops 
and gates 

( b ) a combinational logic circuit 

(c) a set of flip-flop memory elements 

(d) none of the above 

30.246. For a design of a binary counter 
preferred type of flip-flop is 

{a) latch ( b ) JK-type 

(c) SR-type (d) D-type 

30.247. Due to which of the following reasons 
some digital computers are called 
decimal computers ? 

{a ) Each decimal digit is separately 
encoded in binary 

{b ) Each memory element in such 
computers has 10 distinct stable 
states 

(c) Decimal numbers can be read in 
such computers 

(d) None of the above 

30.248. Most of the digital computers do not 
have floating-point hardware because 
(a) it is slower than software 

{b ) floating-point hardware is costly 
(c) it is not possible to perform floating 
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point addtion by hardware 
( d ) all of the above 

30.249. .... is not a ‘high level’ computer 
programming language. 

(a) ALGOL (b) COBOL 

(c) FORTRAN (d) MODEM 

30.250. Access fri magnetic drum memory is 

(a) a cyclic sequential 

( b ) completely random 

(c) partly random and partly cyclic 
sequential 

(d) sequential and cyclic 

30.251. In large programs subroutines are used 

(a) for ease of program testing at the 
program development time 

(b) not to reduce program extension 
time 

(c) not to reduce storage equipment 

(d) not to increase the programming 
ease 

30.252. In a digital computer it is required to 
multiply two binary numbers. In the 
computer 

(a) a hardware divider is essential 

(b) a hardware multiplier is essential 

(c) both a hardware multiplier and an 
adder subtractor unit are essen¬ 
tial 

(d) it is adequate to have adder-sub¬ 
tractor unit and shift register 

30.253. Introducing parity bit error detection 
does not imply to 

(a) odd number of error detection 

(b) automatic error detection 

(c) increase in the length of the code 

(d) increase in the hardware in the 
system 

30.254. Digital computers are more widely used 
as compared to analog computers be¬ 
cause they are 

(a) easier to maintain 

(b) less expensive 

(c) always more accurate and faster 
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(d) useful over wider ranges of prob¬ 
lem types 

30.255. Which multivibrator can be used as a 
clock timer ? 

(a) Bistable 

(b) Astable 

(c) Both (a) and (b) 

(d) None of the above 

30.256. Which of the following logic circuits 
is the fastest? 

(a) RTL 

(b) DTL 

(c) TTL 

(d) All have same speed 

30.257. The connecting leads in a IC chip are 
made of 

(a) aluminium (b) germanium 

(c) carbon (d) silicon 

30.258. Microprocessors find application in 
which of the following ? 

(a) Medical equipment 

(b) Pocket calculators 

(c) Scientific instruments 
'(d) All of the above 

30.259. Flag bits in arithmetic unit provide 
which of the following ? 

(a) Facilities for recheck 

(b) Status type information 

(c) Repeatability 

(d) All of the above 

30.260. A state during which nothing hopping 
is known as 

(a) MAR (b) Nop 

(c) OP code (d) LDA 

30.261. A secondary memory is always 

(a) slower than primary memory 

(b) costlier than primary memory 

(c ) volatile 

(4) none of the above 

30.262. A charge coupled device has 

(a) low density 

(b) low cost per bit 
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(c) high cost per bit 

(d) none of the above 

30.263. Which of the following is the most 
widely used bipolar family? 

(a) ECL 

(b) DTL 

(c) TTL 

(d) All of the above 

30.264. EAROM memory is 

(a) electrically alterable 

(b) magnetically alterable 

(c) either of the above 
{d) none, of the above 

30.265. A floppy disc is 

(a) an aluminium disc coated with 
magnetic oxide of iron 

(b) a thin plastic disc coated with mag¬ 
netic oxide 

(e) a thin magnetic oxide disc coated 
with plastic 

(d) any of the above 

30.266. The mnemonics used in writing a pro¬ 
gram is called 

(a) object program 
(h) fetch cycle 

(c) assembly language 
(. d) microinstruction 

30.267. Which of the following statements with 
reference to a generic microprocessor 
is correct ? 

(a) Instruction cycle time period is 
exactly equal to machine cycle tin i 
period 

(b) Instruction cycle time period is 
shorter than machine cycle time 
period 

(c) Machine cycle time period is 
shorter than instruction cycle time 
period 

(d) Instruction cycle time period is 
exactly half of the machine cycle 
time period 

30.268. The contents of the program counter 
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after the call operation point to the 
first instruction on the 

(a) subroutine 

( b ) stack 

(c) either (a) or ( b ) 

(d) both ( a ) and ( b ) 

30.269. The generic microprocessor contains a 
zero and a carry flag, these are located 
on 

(a) status register 

( b ) interrupt control 

(c) either of the above 

(d) none of the above 

30.270. What is the direction of data bus? 

(a) Bidirectional 

(fe) Unidirectional into |lP 

( c ) Unidirectional out of fiP 

(d) None of the above 

30.271. What is the direction of control bus? 

(а) Bidirectional 

(б) Unidirectional into |iP 

(c) Unidirectional out of jiP 

(d) None of the above 

30.272. What is the direction of address bus? 

(a) Bidirectional 

(b) Unidirectional into |JlP 

(c) Unidirectional out of JiP 

(d) None of the above 

30.273. The first machine cycle of an instruc¬ 
tion is always 

(a) a memory write cycle 

(b) a memory read cycle 

(c) a fetch cycle 

(d) a I/O read cycle 

30.274. Which byte of an instruction is loaded 
into IR register? 

(a) Last 

( b ) First 

(c) Either of the above 

(d) None of the above 

30.275. The contents of stack printer specify 
which of the following ? 
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(a) Contents of the top of stack 

(b) Contents of the bottom of stack 

(c) Address of the bottom of stack 

(d) Address of the top of stack 

30.276. Which of the following uses least 
power ? 

(a) ECL 

( b) TTL 

(c) CMOS chip 

(d) All consume same power 

30.277. A memory used for storing variable 
quantities is 

(a) EPROM (b) RAM 

(c) PROM (d) ROM 

30.278. Which of the following is temporary 
memory? 

(a) ROM 

(b) RAM 

(c) Either of the above 

(d) None of the above 

30.279. For a clock generator which of the 
following circuits is used ? 

(a) JK flip-flop 

(b) A free running MV 

(c) Either of the above 

(d) None of the above 

30.280. A toggle operation is used 

(a) with a gate circuit 

(b) with a flip-flop 

(c) without a flip-flop 

( d) none of the above 

30.281. Which of the following changes analog 
voltage to binary data? 

(a) D/A converter 
\b) A/D converter 

(c) Either of the above 

(d) None of the above 

30.282. Microprogram is 

(a) the name of programs of very small 
size 

(b) the name of the source program 
in micro-computers 

(c) the set of instructions indicating 
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the primitive operation in a system 

(d) none of the above 

30.283. Once the information is placed into a 
Read-Only-Memory 

(a) it cannot be modified easily 

( b ) it can be modified easily 

(c) it is continuously modified 

(d) none of the above 

30.284. The degree of nesting is dependent 
upon which of the following? 

(a) The size of the stack 

(b) The type of memory 

(c) The storage capacity of the stack 

(d) All of the above 

30.285. The memory element in a magnetic 
film memory consists of 

(a) nickel iron alloy 

( b ) plated wires 

(c) superconductive material 

(d) any of the above 

30.286. MOS family that dominates the LSI 
field is 

(a) NMOS 

(b) PMOS 

(c) CMOS 

(d) none of the above 

30.287. A fetch cycle is the .... of the ins¬ 
truction cycle. 

(a) auxiliary part 

( b ) first part 

(c) intermediate part 

(d) last part 

30.288. .. addressing is the addressing in 

which the instruction contains the ad¬ 
dress of the data to be operated on 
(a) Register ( b ) Direct 

(c) Immediate (d) Implied 

30.289. Restart is a special type of ‘CALL' 
in which the address is 

(a) not programmed but built into the 
hardware 

(b) programmed but not built into the 
hardware 
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(c) programmed and built into the 
hardware 

( d ) none of the above 

30,290, The address to a which a software or 
hardware restart branches is known as 

(a) TRAP 
(by SOD 
(c) SID 

(cf) Vector location 

. 30.291. In 8355, the ROM is organised as .... 
words of 8 bits each 
(a) 2048 (b) 3048 

(c) 4048 (d) 5048 

30.292. In 8156 the status register contains 
information about 

(a) the ports 

( b ) the timer 

(c) both (a) and ( b ) 

(d) none of the above 

30.293. The contents of program counter 
specify which of the following? 

(a) The count of number of instruc¬ 
tions executed so far 

( b ) The address of the instruction being 
executed 

(c) The address of the instruction 
executed last 

(d) The address of the next instruction 
to be executed 

30.294. The contents of instruction register 
specify which of the following ? 

(a) Op code for the instruction being 
executed 

( b ) Op code for the instruction to be 
executed next 

(c) Operand for the instruction being 
excuted 

(d) Operand for the instruction to be 
executed next 

30.295. is an interaction between a CPU 

and a peripheral device that takes place 
during an I/O operation. 

(a) Subroutine (b) Flagging 
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(c) Relocating (d) Handshaking 

30.296. addressing is one in which the 

location of the data is contained within 
the mnemonic. 

(a) Register ( b ) Direct 

(c) Immediate (d) Implied 

30.297. In arithmetic unit flag bits provide 

(a) repeatability 

(b) facilities for recheck 

(c) status type information 

(d) all of the above 

30.298. Which of the following devices has 
the slowest switching speed? 

(a) Nixie tubes 
(by LCD 

(c) LED 

(d) All have identical switching speeds 

30.299. Which of the following is invalid real 
Fortran constant ? 

(a) - 0.133 (b) - 143.6F 

(c) 15.693 (d) +16 

30.300. Microprocessor 8085 in the enhanced 
version of .... with essentially the same 
construction set. 

(a) 8000 (b) 8080 

(c) 6800 (d) 68000 

30.301. An operating system is a 

(a) hardware component of a 
mainframe computer system 

(b) application program that produces 
text files 

(c) set of programs that lets you use 
your computer’s hardware and 
software resources 

(d) system of procedures for operating 
a computer 

30.302. A system unit of a personal computer 
contains all of the following except 

(a) disk controller 

( b ) microprocessor 

( c ) modem 

(d) serial interface 
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30.303. In a filed window system 

(a) windows are allowed to overlap 
(. b ) to open a widow, you must cut 
an existing window in two 

(c) to resize a window, you move its 
lower right corner 

(d) all the above 

30.304. Who is called the “Grand father” of 
the computer ? 

(a) Charles Babbage 

( b ) Blaise Pascal 

( c ) Morten 

0 d) None of the above 

30.305. Which command terminates a second 

command processor or returns from 
the DOS shell to the DOS prompt ? 

(a) CALL (b) EXIT 

(c) JOIN (d) REPLACE 

30.306. When in computer software you want 
to combine two different files in one. 
What system it is called ? 

(a) Merging ( b ) Combining 

(c) Utility program ( d) None of these 

30.307. A batch layout program allows 

(a) headers and footers to be automati¬ 
cally updated as text changes 

(b) automatic index and table of con¬ 
tents to be generated 

(c) automatic section numbering 
0 d ) all the above 

30.308. Scanners can be used to digitize 

(a) line drawings ( b ) photographs 

(c) text ( d) all the above 

30.309. Cannot load command, system halted 
is given by the system due to 

(a) command.com is deleted 

(b) command.com is overwritten by an 
application 

(c) not enough of memory 

(d) system files are not found 

30.310. The DIR command in DOS operating 
system 

(a) copies files 
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( b ) erases files 

(c) extracts a list of file names 

(d) none of the above 

30.311. Which option is used to create a RAM 
drive in Expanded Memory ? 

(a) /E (b) /A 

(c) /EXP (d) /EXT . 

30.312. The ATTRIB command is used to 

(a) change or display a file size 

( b ) change or display a file attributes 

(c) change a password of a file 

(d) change the content of a file 

30.313. Formatting disk involves 

(a) copying the contents of one disk 
to another disk 

( b ) preventing a user copying the disk 

(c) erasing the disk and giving it an 
empty root directory 

( d) none of the above 

30.314. Which key would you press to skip 
over a character from the previous 
DOS command ? 

(a) Insert ( b ) Delete 

(c) Escape (d) FI 

30.315. Out of these which is not application 
software ? 

(a) Desktop publishing 

( b ) Word processing 

(c) Unix 

( d) Spreadsheet 

30.316. The Copy /-y is used to 

(a) indicate an ASCII text file 

( b) prompt that new files are written 
correctly 

(c) suppress prompting to confirm you 
want to overwrite an existing des¬ 
tination files 

(d) none of the above 

30.317. The maximum length of a DOS com¬ 
mand including any optional parameters 
is 

(a) 128 ( b ) 127 

(c) 130 (d) 8 
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30.318. In which of the following software 
computers and graphics oriented 
software are integrated for the purpose 
of automating the design and drafting 
process ? 

(a) Computer aided design 

( b ) Computer assisted drafting 

(c) Computer graphics 

( d) Computer Aided Instructions 

30.319.. Vertical market application programs 
include 

(a) database management systems 

(b) farm management programs 

(c) home finance program 

(d) all the above 

30.320. Every disk has a single main directory 
known as the 

(a) root directory 

(b) prime directory 

(c) sub directory 

(d) master directory 

30.321. The DOS directory command is 

(a) DIRECT (b) LIST 

(c) DIR (d) CATALOG 

30.322. What must be done before you can 
remove a sub directory ? 

(i a ) Execute DIR 

(b) Execute TREE 

(c) Delete all files in the sub directory 
(i d) Delete all files in the root directory 

30.323. What commands are associated with 
the system clock ? 

(a) Cal ( b ) Time 

(c) SYS time (d) Date 

30.324. Which command must be used on a 

new hard disk before it is formatted? 
{a) ASSIGN ( b ) BACKUP 

(c) FDISK ( d) SELECT 

30.325. Which type of programming language 
translator program translates and runs 
one program instruction at a time as 
it’s entered into the computer ? 

(a) Assembler ( b ) Compiler 
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(c) Interpreter ( d) Converter 

30.326. Write protect error is given by the 

system if 

(a) the floppy is write protected 

( b ) floppy disk is not recognized by 
the system 

(c) virus problem 

(d) none of the above 

30.327. To make an exact copy of an entire 
diskette, use 

(a) COPY ( b ) DISKCOPY 

(c) DIR ( d) Ctrl-Alt-Del 

30.328. Every thing a computer does is con¬ 
trolled by its 

(a) central processing unit 

( b ) input devices 

(c) output devices 

(d) none of the above 

30.329. The ERASE command 

(a) deletes a file permanently 

(b) deletes a directory 

(c) moves a directory 

(d) erases a sub directory 

30.330. What is the name of person who created 
software ? 

(a) Stephen Wolfram 

(b ) Mickel 

(c) Willison A.A. 

(d) None of the above 

30.331. Educational software includes 

(a) drill and practice programs 

( b) tutorial programs 
(q) simulation programs 
(d) all the above 

30.332. What is the most common use of an 
operating system ? 

(a) Maintaining mailing lists 

(b) Running application packages 

(c) Creating application packages 

(d) Controlling modems 

30.333. INTERLINK is used for 

(a) connecting another DOS machine 

( b ) connecting unix machine 
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(c) diagnosing problem on a PC 

(d) none of the above 

30.334. 80 Column printer means 

(a) it prints 80 lines on the paper 

( b ) 80 characters per line on the paper 

(c) 80 pages it prints 

( d ) none of the above 

30.335. An external modem plugs into a 

(a) display adapter 

( b ) parallel interface 

(c) serial interface 

(d) expansion slot 

30.336. Advances in computer hardware and 
software are generally classified into 
generations. We currently belong to 
which generation ? 

(a) Second ( b ) Fourth 

(c) Third (d) None of these 

30.337. Which command displays the contents 
of the DOS environment ? 

(a) DIR (b) CHKDSK 

(c) MEM (d) SET 

30.338. A multi-function board plugs into a 

(a) monitor ( b ) expansion slot 

(c) serial interface ( d) display adapter 

30.339. Access is magnetic drum memory is 

(a) a cyclic sequential 

( b ) completely random 

(c) sequential and cyclic 

(d) partly random and partly cyclic 
sequential 

30.340. Upwardly compatible means that 

(a) you cannot take advantage of the 
new version’s abilities 

(b) all old software versions must be 
upgraded 

(c) new hardware must be purchased 
to use the new version 

( d ) operations that worked with former 
versions work with the new version 

30.341. What command must have been used 
on the diskette before you can use the 
SYS command to copy the DOS system 
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files to it ? 

(a) TREE 
(Zr) APPEND 

(c) FORMAT IS or FORMAT /B 

(d) FORMAT /V 

30.342. File creation error is given by the 
system if 

(a) you attempt to redirect output to 
an invalid filename 

(b ) the command.com is corrupted 

(c) you have run CHKDSK IF 

(d) none of the above 

30.343. Which command will copy only those 
files from the disk in drive A that 
don’t already exist on the disk in drive 
C ? 

(a) copy a: *.* c: /a, 

(b) xcopy a: *.* c: /a 

(c) append a:*.* c: /a 
id) replace a: *.* c: /a 

30.344. The DIR/S command is used to 

(a) search for files only on the sub 
directories 

(b ) ;search for files in specified direc¬ 
tory and all Sub directories 

(c) search for files by size (smallest 

first) . - 

(d) search for system files 

30.345. What was the amount of memory 
required by the earliest operating sys¬ 
tem called DOS 1.0 ? 

(a) 2k (b) 4k 

(c) 6k (d) 8k 

30.346. Which of the following terms describes 
a screen with the sharpest picture ? 

(a) No-resolution 

(b ) Low-resolution 

(c) Medium-resolution 

(d) High-resolution 

30.347. Uaser printer can print up to pages per 
minutes : 

(a) 20 to 200 pages 

( b ) 200 to 2000 pages 
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(c*) 2000 to 20000 pages 
(d) none of the above 

30.348. An erased file 

(a) can never be recovered 

( b ) can only be recovered if it is still 
on disk 

(c) can only be recovered if it is still 
listed on the disk’s directory 

(d) both ( b ) and (c) 

30.349. Out of these which systems software 
does the job of merging the records 
from two files into one ? 

(a) Utility programme 

(b) Source programme 

(c) Operating technique 

(d) None of the above 

30.350. The most popular, high-quality printer 
for today’s desktop publishing is 

(a) dot-matrix 

( b ) laser with postscript 

(c) laser without postscript 

(d) none of the above 

30.351. The monitor screen is divided into 

.. columns and . rows 

(a) 80, 25 ( b ) 24, 80 

(c) 80, 25 (d) 25, 80 

30.352. The technique of placing software or 
programmes in a ROM semiconductor 
chip is called 

(a) FIRM WARE ( b ) PROM 

(c) EPROM (d) none of these 

30.353. A front-end processor is generally used 
in 

(a) time sharing 

(b) multi-programming 

(c) multi-processing 

(d) none of the above 

30.354. What is the primary input device of 
every microcomputer ? 

(a) Keyboard ( b ) Mouse 

(c) Trackball ( d) Display 

30.355. What is the name of the DOS con¬ 
figuration file ? 
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(a) AUTOEXEC.BAT 

(b) CONFIG.SYS 

(c) VDISK.SYS 

(d) CONFIG.BAT 

30.356. Both Pagemaker and Ventura Publisher 

( a ) adjust text of columns change 

( b ) automatically move text from 
column to column and from page 
to page 

( c ) place text and graphics elements 
precisely where they are wanted 

(d) all the above 

30.357. What type of display mechanism is 
used by most computer screens ? 

(a) CRT (b) LCD 

(c) RAM (d) WORM 

30.358. Different sorting programs allow dif¬ 
ferent 

(a) maximum key sizes 

( b ) maximum number of sorting keys 

(c) both (a) and ( b ) 

(d) none of the above 

30.359. Which of the following commands tells 
DOS to pipe the output of one com¬ 
mand into another command ? 

(a) > (b) < 

(c) I (d) $ 

30.360. The two parts of a DOS file name are 

(a) a disk drive designation and a disk 
sector number 

(b ) a primary filename and an optional 
extension 

(c) a primary filename and a creation 
date 

(d) a primary extension and the size 
in bytes 

30.361. Which operating system layer processes 
commands and menu selections ? 

(a) Hardware interface 

( b) Application interface 

(c ) User interface 

(d) Serial interface 

30.362. The execution of a Batch program can 
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be halted by 

(a) CTRL+C (b) F3 

(c) PAUSE (d) CTRL-BREAK 

30.363. When you want to execute more than 
one programme at a time which 
software system you will prefer ? 

(a) Multi-tasking 

( b) Word processing 

(c) Compiling 

( d) None of these 

30.364. Most home finance programs 

(a) use full-screen menu prompts 

( b ) allow erroneous transactions to be 
corrected directly 

(c) can be used to generate reports 

(d) all the above 

30.365. Chain or band printer is an example of 

(a) impact line printer 

( b ) non-impact line printer 

(c) impact character printer 

(. d) non-impact character printer 

30.366. To run a program you must 

(a) type its filename and press the 
Enter key 

(b) reboot DOS 

(c) press Ctrl-Break 

(d) first make a backup copy 

30.367. What type of program allows the user 
to temporarily suspend the activity and 
switch to some other one ? 

(a) BIOS ( b ) spreadsheet 

(c) memory-resident (d) utility 

30.368. Which command presents the current 
code page number ? 

(a) CHCP (b) DIR 

(c) CHKDSK {d) NLSFUNC 

30.369. The driving force behind each new 
DOS release has usually been 

(a) the addition of a new disk drive 
capability 

(i b ) an effort to improve the user in¬ 
terface 

(c) an attempt to eliminate all bugs 

( d ) an effort by IBM and Microsoft 
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to make more money 

30.370. Invalid Partition table is an error mes¬ 
sage which is stored in 

(a) IO.SYS ( b ) Boot Record 

(c) MBR (d) SBR 

30.371. Which batch file command repeats an 
action on a set of files ? 

(a) MORE (b) IF 

(c) APPEND (d) FOR 

30.372. Which item cannot be contained in a 
sub directory ? 

(a) File 

( b ) Sub directory 

(c) DOS external command 

(d) Disk 

30.373. A visual interface 

(a) is easy for programmers to create 

(b) is similar to doing traditional com¬ 
puter programming 

(c) does not allow users to take short 
cuts 

( d) all the above 

30.374. DRIVPARM is used to 

(i a ) define parameters for devices such 
as disk and tape drives when you 
start MS-DOS 

(b) define the number of file control 
blocks that MS-DOS can have open 
at the same time 

(c) loads the devices driver into 

Memory 

(d) configure MS-DOS to recognize 

the character set 

30.375. Which of the following units represents 
the largest amount of memory ? 

(a) Byte ( b ) Kilobyte 

(c) Gigabyte ( d) Megabyte 

30.376. Operating system functions may in¬ 
clude 

(a) virtual storage ( b ) input control 
(c) output control (d) all the above 

30.377. Which DOS command displays the sub 
directory structure of a disk ? 
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(a) MD (b) CD 

(c) RD (d) TREE 

30.378. A command is a 

(a) combination of hardware switch 
settings 

( b ) operating system directive issued 
to a user 

(c) application package instruction 

( d ) word or abbreviation that tells DOS 
to run a program 

30.379. Which of the following software 
programs uses data commands ? 

(a) dbase ( b ) dbase III 

(c) Lotus 1-2-3 ( d) None of these 

30.380. Which of the following routines would 
not be included in a billing and in¬ 
ventory reporting program ? 

(a) Addition of data entries 
(^Modification of data entries 

(c) Listing of data entries 

(d) Simulation routine 

30.381. To display a disk and memory status 
report, use 

(a) STATUS ( b ) DIR 

(c) CHKDSK (d) DISKCOPY 

30.382. A single integrated program may con¬ 
tain 

(a) programs lhat take care of all the 
basic accounting systems used by 
a business 

(b) word-processing, spread sheet 
processing, graphics, and data 
management 

(c) an operating system and an appli¬ 
cation program 

( d ) both (a) and ( b ) 

30.383. What is the innermost layer of an 
operating system ? 

{a) Hardware interface 

( b ) Application interface 

(c) User interface 

(d) Serial interface 

30.384. A commercial application program nor- 
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mally includes 

(a) documentation ( b ) tutorial 
(c) program disks (d) all the above 

30.385. Entering the-command DEL *.* will 

(a) reboot the system 

( b ) copy all files to the disk in the 
default drive 

(c) rename all files on the disk in the 
default drive 

(d) erase all files from the disk in the 
default drive 

30.386. Out of these which type of systems 
software is used on microcomputers ? 

(a) PC-DOS ( b ) Apple DOS 

(c) MS-DOS ( d) all the above 

30.387. Application software 

{a) is used to control the operating 
system 

( b ) includes programs designed to help 
programmers 

(c) performs a specific task for com¬ 
puter users 

(d) all the above 

30.388. A RAM disk 

(a) is a program that makes part of 
memory appear to other programs 
as if it were a high-speed disk 
drive 

(b ) can make programs run much faster 

(c) adds memory to a personal com¬ 
puter 

(d) both (a) and ( b ) 

30.389. In the CQNFIG.SYS file, the command 
STACKS = 9,256 means 

(a) 9,256 stacks of 64 KB each have 
been set aside for Multitaksing 

( b ) 9 stacks of 256 -bytes have been 
set aside for DOS kernel operations 

(c) 9 stacks of 256 bytes have been 
set aside for DOS disk buffering 

(d) 9 stacks of 256 bytes have been 
set a side for processing IRQS 

30.390. The part operating system that co-or¬ 
dinates the activities of other program 
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is called the 

(a) input/output manager 
(/;) command processor 

(c) supervisor 

(d) file manager 

30.391. A simulation program 

(a) guides novices through the basics 
of using other computer programs 

( b ) teaches facts, such as arithmetic 
operations and spelling 

(c) teaches by emulating the responses 
of the system being studied 

(d) none of the above 

30.392. Which of the following characters are 
not used for file naming ? 

(a) ? (b) % 

(c) $ (d) ~ 

30.393. What is the name of the operating 
system which is used by the scientists 
and engineers ? 

(a) MS DOS (b) DOS 

(c) Unix ( d ) None of these 

30.394. What type of operating system can 
. execute two programs truly simul¬ 
taneously ? 

(a) Multi-tasking (b) Multiprocessing 

(c) Single-tasking ( d) Time-sharing 

30.395. Which prompt codes would you use 
with the PROMPT command to have 
the DOS prompt always display the 
current path ? 

(a) Hello ( b) $p$g 

(c) $d$g (d) $v$q 

30.396. Which type of low-level programming 
language is characterized by the use 
of mnemonics and symbolic address¬ 
ing? 

(a) Machine language 

(b) Assembly language 

(c) PASCAL 

(d) Fourth generation language 

30.397. Buffers is used to 

(a) allocate space in memory reserved 
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for file and data transfer 

(b) simulate a hard drive in memory 

(c) create a disk cache in Extended 
Memory 

( d) create a disk cache in Expanded 
Memory 

30.398. Which of the following operating sys¬ 
tems is designed especially for IBM 
and IBM-compatibles that use the Intel 
80286 and 80386 microprocessors ? 

(a) CP/M 

(b) DOS 

(c) OS/2 

(d) Apple Macintosh System 

30.399. Which operating system layer allows 
software to create, write, read, copy, 
delete, and rename files in the same 
fashion no matter which storage device 
is being used ? 

(a) Hardware interface 

( b ) Application interface 

(c) User interface 

(d) Serial interface 

30.400. Formatting a diskette does not do the 
following : 

(a) Check the diskette for bad sectors 

(b) Wipe out all data on the diskette 

(c) Mark off the space into sectors 

( d) Sort files in the directory 

30.401. What kind of information does a file 
with a INI extension generally contain? 

(a) Commands to be executed in suc¬ 
cession 

( b ) Files which hold parameter infor¬ 
mation about a program 

(c) System files also called device 
drivers 

y-'' 

(d) Text files or documents 

30.402. A clipboard 

(a) can' be used to store text notes 
(. b) transfer information between 
programs 

(c) can adjust the characteristics of the 
hardware 
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(d) works like a four-function pocket 
calculator 

30.403. Which word best describes the execu¬ 
tion of programs on a multi-tasking 
system ? 

(a) Simultaneous ( b ) Sequential 

(c) Parallel ( d) Concurrent 

30.404. Pressing Ctrl-Alt-Del will 

(a) invoke a DOS transient routine 

(b) delete a file 

(c) reboot DOS without having to shut 
off the computer 

(i d) execute an application program 

30.405. Which of the following software cannot 

be categorized as application software? 
(a) MS-DOS (b) DOS-m 

(c) Word processing 

(d) None of these 

30.406. Compiler are programmes normally 
supplied by the manufactures and or 
part of the 

(a) computer hardware 

( b ) computer software 

(c) both (a) and ( b ) 

(d) none of the above 

30.407. Drill and practice programs 

(a) can adjust to the pace of the skill 
level of the student 

(b) emphasize the learning of facts 
through repetition 

(c) both (a) and ( b ) 

(d) none of the above 

30.408. When you want to create, edit and 
print documents which type of software 
you will like to use ? 

(a) Unix 

(b) Word processing 

(c) Desktop publishing 

(d) (a) and (b) only 

30.409. A small program that lets you recover 
accidentally erased files would usually 
be categorized as a 

(a) application package 
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( b ) operating system 

(c) data base manager 

(d) utility 

30.410. An inventory management program can 
assist with 

(a) the planning of inventory 

( b ) the purchasing of inventory 

(c) the distribution of inventory 

(d) all of the above 

30.411. To display a text file on your screen 
use the 

(a) PRINT command 
(Z>) DISKCOPY command 

(c) TYPE command 

(d) Ctrl-Num Lock Key 

30.412. Device independence allows you to 

(a) switch operating systems 

( b ) add a new I/O device without 
making changes to other software 

(c) use application software from one 
machine to another without 
programming changes 

(d) none of the above 

30.413. Which of the following types of in¬ 
structions is not normally included in 
a programming language ? 

(a) Input and output 

( b ) Boot up 

(c) Calculation 

(d) Comparison 

30.414. What is the name of the software/ 
hardware that permits communication 
between user and computer? 

(a) Monitor ( b ) VDT 

(c) Interface (d) None of these 

30.415. When the ERASE command is used 
(a) the files content is erased 

{b) the files name is deleted from the 
directories on the disk 

(c) both (a) and ( b ) 

( d) none of the above 

30.416. Which key do you press to get help 
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from within the DOS shell ? 

(a) Alternate ( b ) Enter 

(c) FI (d) F10 

30.417. A list of computer instructions is clas¬ 
sified as 

(a) hardware 

( b ) software 

(c) both (a) and ( b) 

(d) none of the above 

30.418. Files with COM and EXE extensions 
usually designate 

(a) external commands and executable 
program files 

(fc) command files and extension files 

(c) configuration files and extension 
files 

(d) BASIC and FORTRAN files 

30.419. Which of the following commands 
would be placed in a CONFIG.SYS 
file ? 

(a) SETTEMP = C:/DOS 

(b) DEVICE = C:\DOS\HIMEM.SYS 

(c) LOAD EXP160D! = HIGH 

(d) DEVICE = C:\DOS\HIMEM.SYS 

30.420. To change the default disk drive 

(a) put a new disk in drive A 

( b ) type the new disk drive designation 
and press Enter 

(c) open up the computer and replace 
the faulty drive 

( d ) issue the DIR command 

30.421. Which operating system runs on the 
original IBM-Personal Computer ? 

(a) ProDOS 

C b ) DOS 

(c) OS/2 

(d) Apple Macintosh System 

30.422. If a file is to be moved from main 
memory to a disk, directory file would 
be modified by 

(a) supervisor 

(b) file manager 

(c) I/O manager 

( d) command processor 
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30.423. Programs that deal most intimately with 
a computer’s hardware are called 

(a) programming languages 

(b) system software 

(c) application software 

(d) user interfaces 

30.424. Which of the following microcomputer 
components synchronizes the internal 
operations of the microprocessor and 
other electronic circuits ? 

(a) Real-time clock 

( b ) System clock 

(c) Chassis 

(d) ROM 

30.425. A free-form window can be 

(a) opened 

( b ) moved 

(c) resized 

(d) all of the above 

30.426. IBM released its first PC in 1981. 
What was the name of the operating 
system ?! 

(a) DOS m (b) CP/M 

(c) PC DOS (d) All the above 

30.427. Which is the default device name for 
redirecting output to display ? 

(a) LPT (b) COM 

(c) CON (d) AUX 

30.428. To boot DOS with the power off 

(a) insert the DOS Startup disk (if 
necessary) and turn on the power 

(b ) hold down the Control, Alternate 
and Delete keys at the same time 

( c) turn the power on and issue the 
boot command 

(d) turn the power on and kick the 
computer 

30.429. SMARTDRV.EXE is used to 

(a) load BIOS instructions into an JDE 
drive 

( b ) simulates a hard drive in Memory 

(c) creates a disk cache in Extended 
memory 

(d) creates a disk in Expanded memory 
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30.430. The installation routine saves the files 
from your previous version of DOS 
directory named ? 

(a) DOSJ3LD (b) DOS_OLDl 

(c) OLD_DOS.l (d) OLDDOS.l 

30.431. A computer will function only if it 

(a) has software package 

(b) has hardware package 

(c) has a programme in its memory 

(d) none of the above 

30.432. Which command appends two files to 
form a third ? 

(a) append filel + file2 file3 

( b ) copy filel + file2 file3 

(c) xcopy filel + file2 file3 

(d) diskcopy filel + file2 file3 

30.433. A page layout program 

(«) lets you place and move text and 
graphic elements on the page 

( b ) defines setting on the master page 
which will repeat or appear on all 
subsequent pages 

(c) is flexible in laying out pages 

(d) all of the above 

30.434. The shell 

(a) accepts command from the user 

(b) maintains directories of files 

(c) translates the keyboard’s character 
codes 

(c) none of the above 

30.435. Which of the following commands is 
usually found only in batch files ? 

(a) DEVICE (b) COMMAND 

(c) ECHO (d) DIR 

30.436. Of the following commands, which is 
the safest to use ? 

(a) del *.* ( b ) erase *.* 

(c) erase ????????.* ( d) erase *.*/p 

30.437. The operating system of a computer 
serves as a software interface between 
the user and 

(a) memory ( b ) hardware 

(c) both (a) and ( b ) (c) none of these 
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30.438. Booting the computer means 

(a) logging in 

(b) loading the resident part of the 
operating system into memory 

(c) turning the computer on 

(d) both (a) and ( b ) 

30.439. Prompt can be made up by the fol¬ 

lowing characters. Which are they ? 
(a) $Q ( b) $a 

(c) $F (d) $K 

30.440. Presently the most expressions com¬ 
ponent in a computer system is its 

(a) software » ( b ) hardware 

(c) both (a) and \b) ( d ) none of these 

30.441. Which command would back up the 
entire contents of the hard disks to 
diskettes in drive A ? 

(a) Backup c: a:/s 

( b ) Backup c:\lessons\*.* a:/s 

(c) Backup a: c: /s 

( d) Backup harddisk a: 

30.442. Why these operating systems like apple 
DOS, MS DOS and PC DOS are called 
disk operating system ? 

(a) They are initially stored on disk 

( b ) They are memory oriented 

(c) They are working on hardware only 

( d) None of the above 

30.443. Which command will read as many 
files as it can into the memory first, 
before copying them ? 

(a) copy a:*.* c: 

(b) xcopy a:*.* c: 

(c) copy a:*.* c:/all 

(d) mem a:*.* c: 

30.444. It is possible to get . text lines 

on the screen* at any time 

(a) 25 ( b ) 26 

(c) 24 (d) 23 

30.445. The UNDELETE/T [drive] [-entry] is 
used to 

(a) list the deleted files available to 
be recovered 
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(/?) recover the files protected by delete 
tracker 

(c) enable Delete Tracking method of 
protection 

(d) purge all files in the Delete Sentry 
directory 

30.446. A help system in an application pro¬ 
gram is used to 

(a) make it easy to switch from one 
mode to another 

(/;) display menus to prompt the users 
with choices of available com¬ 
mands 

(c.) display explanatory information 
(d) all the above 

30.447. Which expression is a valid path ? 

(a) c: hard disk lessons 

(h) a:\lessons/c: 

(c) c:\Iessons\partl 

(d) c:\lessons/partl 

30.448. Any Batch file can have the extension 

(a) .COM (6) .BAT 

(c) .EXE (d) .SYS 

30.449. What is the simplest and most common 
type of operating system for microcom¬ 
puters 7 

(a) Single-user, Single-tasking 

(b) Single-user, Multi-tasking 

(c) Multi-user, Single-tasking 

(d) Multiprocessing 

30.450. Write protect error is given by the 
system if 

(a) the floppy is write protected 

(b) floppy disk is not recognized by 
the system 

(c) virus problems 

(d) none of the above 

30.451. Which DOS command is used to create 
a new sub directory ? 

(a) MD (b) -CD 

(cj RD (d) TREE 

30.452. Which of the following is a multiuser, 
multitasking operating system that has 
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been adapted to run on all kinds of 
computers, large and small 7 

(a) CP/M ‘ (b) ProDoS 

(c) OS/2 (d) UNIX 

30.453. Identify the non-impact printer from 
the following 

(a) dot matrix printer 

(b) daisy-wheel printer 

( c ) laser printer 
0 d) all the above 

30.454. Which of the following is a sequential 
access medium ? 

(a) Floppy disk ( b ) Hard disk 
(c) Magnetic tape (d) CD-ROM 

30.455. Which keys would you press to repeat 
the previous DOS command 7 

(a) FI and then Enter 

( b ) F2 and then Enter 

(c) F3 and then Enter 

(d) Escape and then Enter 

30.456. Game programs include 

(a) adventure games 

(b) simulation games 

( c ) video arcade games 

( d) all the above 

30.457. Example of line printer is 

(a) drum printer 

(b) dot matrix printer 

(c) daisy wheel printer 

(d) none of the above 

30.458. Which of the following commands may 

appear only in the configuration file ? 
(a) DEVICE ( b ) ASSIGN 

(c) JOIN ( d ) APPEND 

30.459. Home finance programs are 

( a ) project management programs 

(b ) accounting programs 

(c) inventory management programs 

(d) none of the above 

30.460. Transient routines or external com¬ 
mands are 

(a) kept in primary memory until the 
computer is shut off 
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(b) kept on disk and loaded into 
memory only when needed 

(c) kept in ROM (read only memory) 
chips 

(cl) used once then deleted 

30.461. An example of an expert system is 

(a) the internist, a medical diagnosis 
program 

( b) a stock and bond analysis program 

(c) a structural analysis program 

(d) all the above 

30.462. The visual interface developed by 
Xerox was modeled on a 

(a) tree ( b) file cabinet 

( c ) desktop ( d ) none of these 

30.463. Which of the following types of operat¬ 
ing systems is also called time-sharing? 
{a) Single-user, Single-tasking 

(b) Single-user, Multi-tasking 

(c) Multi-user, Single-tasking 

(d) Multiprocessing 

30.464. Business application programs include 

(a) tax planning and preparation 
programs 

(b) drill and practice programs 

(c) expert systems 

( d ) all the above 

30.465. What is the name of the software 
package that allows people to send 
electronic mail along a network of 
computers and work stations ? 

(a) Data communication package 

( b ) Past communication system 

(c) Electronic mail package 

(d) Mail package system 

30.466. Which command must you use in CON¬ 
FIG.SYS before you can create and 
access disk drive Z ? 

(a) FILES (b) LASTDRIVE 

(c) DRIVEPARM (d) STACKS 

30.467. What type of disk drive uses circular 
platters of right metal or glass covered 
with a thin magnetic coating ? 
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(a) Floppy disk (b) Hard disk 
(c) CD-ROM ( d) Bernoulli 

30.468. Which command is used to salvage 
files from damaged diskettes in drive 
A ? 

(a) RESTORE (b) RECOVER 

(c) COPY (d) SYS 

30.469. When did IBM release the first version 
of its disk operating system DOS ver¬ 
sion 1.0 ? 

(a) 1977 (b) 1975 

(c) 1980 (d) 1981 

30.470. Which of the following computer com¬ 
ponents is not usually built onto the 
mother-board ? 

(a) CPU (b) Memory 

(c) Control circuitry (d) Monitor 

30.471. Which type of user interface almost 
always uses a mouse ? 

(a) Command 

(b) Prompt 

(c) Pop-up menu 

(d) ' Graphical User Interface 

30.472. To Rename a directory, the command 
used is 

(a) REN (b) RENDIR 

(c) MOVE (d) MKDIR 

30.473. Which of the following configurations 
may increase disk performance, but 
use more memory ? 

(a) BREAK (b) BUFFERS 

(c) COUNTRY \d) DEVICE 

30.474. Dot-matrix printers when compared to 
laser printers are 

(a) quieter 

(b) faster 

(< c ) less expensive 

(d) both (a) and ( b ) 

30.475. Sector not found is the message due 
to 

(a) invalid format 

(, b ) faulty command.com 

(c) software error 
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(cl) none of the above 

30.476. Which type of programming language 
generally makes it easiest for the user 
to tell the computer what to do ? 

(a) Machine language 

(b) Assembly language 

(c) High-level language 

(cl) Fourth generation language 

30.477. What is the most common form of 
secondary storage ? 

(a) Floppy disks 
(/;) Magnetic tape 
(c) Bernoulli disks 
(cl) WORM disks 

30.478. DBLSPACE utility will 

(a) defragment the disk 

(b) fixes errors on floppy 

(c) compress data on hard drives 
(cl) formats the Hard disks 

30.479. Which type of programming language 
is generally machine-independent ? 

(a) Machine language 

(b) Assembly language 

(c) High-level language 
(cl) System language 

30.480. Which command would you use to 
update to a latest version of DOS ? 

(a) Install ( b ) Update 

(c) Setup (d) Setup/New 

30.481. What types of software are ? 

(A) Languages 

(b) Operating System 

(c) Utilities 

(cl) All of the above 

30.482. Which of the following register sizes 
describes the most powerful micro¬ 
processor ? 

(a) 2-bit (b) 8-bit 

(<:) 16-bit (cl) 32-bit 

30.483. Which of the following tasks is not 
performed by operating systems ? 

* (a) Controlling disk drives 
(/;) Loading programs into memory 
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(c) Processing user commands 

(d) Calculating statistics 

30.484. Which is the function you use to replace 
the command line buffer 

(a) F4 (b) F2 

(c) F5 (d) F8 

30.485. Which command would you use to 
copy every file from disk drive A to 
B ? 

(a) COPY A:*.* B: 

(b) DIR A: B: 

(c) COPY A: B: 

(d) REN 

30.486. What is the name of the first screen 
you see after starting the DOS shell? 
(a) Start Programs ( b ) DOS Utilities 
(c) Files Systems (d) Exit program 

30.487. Which of the following commands 
basically does nothing ? 

(a) DIR (b) CHKDSK 

(c) PROMPT (d) REM 

30.488. What is the name given to the process 
of initializing a microcomputer with 
its operating system ? 

(a) Booting (b) Cold booting 

(c) Warm booting (d) None of these 

30.489. How much should you specify in RAM- 
DRIVE if you want to create, a 640K 
RAM drive ? 

(a) 640 (b) 64 

(c) 1024 (d) 32767 

30.490. Which of the following commands is 
not a filter ? 

(a) FIND (h) MORE 

(c) COPY (d) SORT 

30.491. To format a system diskette you must 

(a) reboot the system 

( b ) use the IS parameter with a FOR¬ 
MAT command 

(c) enter the COPY command 

(d) purchase a master diskette from 
IBM 
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30.492. Which of the following characters tells 
DOS to redirect the output of a com¬ 
mand to a file or device ? 

ici) > ( b ) < 

(c) I (d) $ 

30.493. The file manager is responsible for 

(a) naming files ( b ) saving files 

(c) deleting files (d) all the above 

30.494. Which of the following commands are 

not external commands ? 

(a) VER (b) COUNTRY 

(c) MEM (, d ) VOL 

30.495. What will be the primary job of the 
operating system of a computer ? 

(a) Manage resources 

( b ) Command resources 

( c ) Provide job 

(d) All the above 

30.496. Which of the following tasks is usually 
performed by the operating system ? 

( a ) Setting up new floppy disks 

( b ) Drawing pie charts 

(c) Creating documents 

(d) Sorting mailing lists 

30.497. Every batch file must have an extension 
of 

(a) ,BAK 0 b ) -BAT 

(c:) .COM (d) .EXE 

30.498. Bad command or file name is given 
by the system due to 

(a) file has become corrupted 
(/?) DOS not recognizing the command 
you entered at the DOS prompt 

(c) a device driver is in conflict with 
another 

(d) DOS has to locate the device driver 
file 

30.499. Which of the following are likely to 
Jam the read/write head of a disk pack? 

(a) Finger print smudge 

(b) Dust / 

(c) Smoke particle 
{(I) All the above 
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30.500. What key presses are influenced by 
the BREAK commands ? 

(a) Alt-Break ( b ) Ctrl-Break 
(c) Alt-Num Lock (d) Ctrl-Num Lock 

30.501. Which command you use to see a text 
(ASCII) file page by page ? 

(a) DIR/P (b) PAUSE 

(c) MORE (d) TYPE 1 MORE 

30.502. Which command is used to establish 
a sub directory search path for BAT, 
COM and EXE files ? 

(a) APPEND (. b ) PATH 

(c) TREE {d) SEARCH 

30.503. Which configuration command is used 
to install device drivers ? 

(a) DEVICE (b) INSTALL 

(c) DRIVEPARM (d) FCBS 

30.504. The number of function keys available 
on the 101 keyboard is 

(a) 10 (, b ) II 

(c) 12 (d) 13 

30.505. High quality printing is possible with 
. printer. 

{a) drum printer 

(b ) dot-matrix printer 

(c) daisy-wheel printer 
(i d) none of the above 

30.506. The fastest printer is 

(a) dot-matrix printer 

(b) daisy-wheel printer 

(c) drum printer 

(d) laser printer 

30.507. A separate section of a hard disk that 
may contain its own operating system 
is called a 

(a) partition (b) sector 

(c) track ( d ) cylinder 

30.508. Which was the first high-level program¬ 
ming languages to be adapted for use 
on microcomputers ? 

{a) BASIC (, b ) PASCAL 

(c) FORTRAN (d) COBOL 
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30.509. In word processing moving text from 
one place to another within a document 
is called 

(d) clip art 

( b ) search and replace 

(c) cut and paste 

(d) block operation 

30.510. A graphics digitizer of scanner is used 
to 

(a) enter images into a computer 

( b ) print computer images onto paper 

(c) both (a) and ( b ) 

(d) none of the above 

30.511. RESTORE/M command is used for 

(a) restores files in all sub directories 

(b) restores read only files 

(c) restores modified files 

( d ) restores all files 

30.512. Which of the following storage media 
does not allow you to record your own 
programs and data ? 

(a) Floppy disk ( b ) Hard disk ' 

(c) WORM {d) CR-ROM 

30.513. An expert system 

(a) simulates the reasoning of a human 
expert in a particular subject 

(b) is an application of artificial intel¬ 
ligence research 

(c) both (a) and (b) 

(d) none of the above 

30.514. Utility programs include 

( a ) editors 

(b) spreadsheets 

( c ) operating systems 

(d) all of the above 

30.515. Which is the most primitive types of 
user interface ? 

(a) Command ( b ) Static Menu 
(c) Pull-down menu(d) Window 

30.516. When a group of computers is con¬ 
nected together in a small area without 
the help of telephone lines, it is called 

(a) Remote Communication Network 

(RCN) 
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( b ) Local Area Network (LAN) 

(b) Wide Area Network (WAN) 

{d) Value Added Network (VAN) 

30.517. What are the data transmission channels 
available for carrying data from one 
location to another ? 

(a) Narrow band 

(b) Voice band 

( c) Broad band 

(d) All of the above 

30.518. Messages from one computer terminal 
can be sent to another by using data 
networks. The message to be sent is 
converted to an electronic digital signal, 
transmitted via a cable, telephone or 
satellite and then converted back again 
at the receiving end. What is this sys¬ 
tem of sending messages called ? 

(a) Paperless office 

(b ) Electronic mail 

(c) Global network 

(d) Electronic newspaper 

30.519. What is the name of the software 
package that allows people to send 
electronic mail along a network of 
computers and workstations ? 

(a) Memory resident package 

( b ) Project management package 

(c) Data communication package 

(d) Electronic mail package 

30.520. If a firm want to transmit data from 
1 000 punched cards to a remote com¬ 
puter, they would use a(n) 

(a) POS terminal 

(b) data collection terminal 

(c) batch processing terminal 

(d) intelligent terminal 

30.521. When two computers communicate 
with each other, they send information 
back and forth. If they are separated 
by a reasonable distance, they can send 
and receive the information through a 
directable connection which is called 
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a null-modem connection. Presently 
what is the maximum distance in metres 
permitted in this null-modem connec¬ 
tions ? 

(a) 50 ( b ) 100 

(c) 30 (d) 150 

30.522. Which of the following is the more 
popular multipurpose on-line informa¬ 
tion service ? 

(a) CompuServe 
(h) GEnie 

(c) MCI Mail 

(d) DowJone/News Retrieval Service 

30.523. What is the name of the computer 
based EMMS that provides a common 
forum where users can check in at 
their convenience, post messages, 
actively exchange ideas and participate 
in ongoing discussion ? 

(a) e-mail 

(b) Bulleting board system (BBS) 

(c) Teleconferencing 
(cl) Video-conferencing 

30.524. Which of the following CompuServe 
commands is a way to bypass inter¬ 
mediate menus and jump directly to 
the feature you want to use ? 

(a) TOP (b) MENU 

(c) BYE (d) GO 

30.525. Many data communication networks 
have been established which provided 
a wealth of on-demand information 
services to people at home. What is 
the name of the system'which provides 
an interactive, graphics-rich service that 
permits user to select what they want? 
(a) Teletex system 

(/;) Fax system 

(c) Videotex system 

(d) Microwave system 

30.526. Terminals are required for 

(a) real-time, batch processing and 
time-sharing 
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(b) real-time, time-sharing and dis¬ 
tributed processing 

(c) real-time, distributed processing, 
and manager inquiry 

(d) real-time, time-sharing and mes¬ 
sage switching 

30.527. Which of the following performs 
modulation and demodulation ? 

(a) Fiber optic (b) Satellite 

(c) Coaxial cable (d) Modem 

30.528. A network which is used for sharing 
data, software and hardware among 
several users owning microcomputers 
is called 

(a) WAN (b) MAN 

(c) LAN (d) VAN 

30.529. When UPC is used, the price of the 
item is located 

(a) on the item 

(b) on the item and on the shelf 

(c) in computer storage 

(d) on the shelf and in computer 
storage 

30.530. A public data network such as TYM¬ 
NET is often used to call a distant 
communications service because 

(a) it is more convenient than calling 
directly 

(b) it is less expensive than calling 
long distance 

(c) it is faster than calling directly 

(d) it is more accurate than calling 
long distance 

30.531. Modem is used in data transmission. 
When was it invented and in which 
country ? 

(a) 1960, USA (b) 1965, German} 

(c) ( 1950, USA (d) 1962, Japan 

30.532. A WATS arrangement 

(a) is always less expensive than flat- 
rate service 

(b) is less expensive than flat-rate ser¬ 
vice only when the number of calls 


Downloaded From : www.EasyEngineering.net 


Downloaded From : www.EasyEngineering.net 


30.58 ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


is large and the duration of each 
is short 

(c) is less expensive than flat-rate ser¬ 
vice only when the number of calls 
is small and the duration of each 
is long 

( d ) is never less expensive than flat- 
rate service 

30.533. A remote batch-processing operation 
in which data is solely input to a 
central computer would require a 

(a) telegraph line 

( b ) simplex lines 

(c) mixedband channel 

(d) all of the above 

30.534. What is the commonly used unit for 
measuring the speed of data transmis¬ 
sion ? 

(a) Bytes per second 
( h ) Baud 

(c) Bits per second 

(d) Either ( b ) or (c) 

30.535. What is the name of the device that 
connects two computers by means of 
a telephone line ? 

(a) Tape ( b ) Modem 

(c) Bus (d) Cable 

30.536. Usually, it takes 10-bits to represent 
one character. How many characters 
can be transmitted at a speed of 1200 
BPS ? 

(a) 10 ( b) 12 

(c) 120 (d) 1200 

30.537. Which of the following components is 
not necessary for distant microcomputer 
communications ? 

(a) Serial interface ( b ) Modem 

(c) Printer (d) Telephone line 

30.538. The OCR reading unit attached to a 
POS terminal is called a 

(a) light pen 
(/?) wand 

(c) cursor 

(d) none of the above 


30.539. A 2400-character text file has to be 
transmitted by using a 1,200 baud 
modem. Can you tell how long will 
it take ? 

(a) 2 seconds ( b ) 20 seconds 

(c) 120 seconds (d) 12 seconds 

30.540. Communication circuits that transmit 
data in both directions but not at the 
same time are operating in 

(a) a simples code 

( b) a half-duplex mode 

(c) a full-duplex mode 

(d) an asynchronous mode 

30.541. What is the name of the network topo¬ 

logy in which there are bi-directional 
links between each possible nodes ? 
(a) Ring ( b ) Star 

(c) Tree ( d ) Mesh 

30.542. Different computers are connected to 
a LAN by a cable and a/an 

(a) modem ( b ) interface card 

(c) special wires ( d) telephone line 

30.543. Which of the following items is not 

used in Local Area Networks (LANs)? 
(a) Computer ( b ) Modem 

(c) Printer (d) Cable 

30.544. Identify the odd term amongst the fol¬ 
lowing group 

(a) coaxial cable 

(b ) optical fibre 

(c) twisted pair wire 

(d) microwaves 

30.545. If communication software can be 
called the “traffic cop” of a micro¬ 
communication system, then what 
should the modem be called ? 

(a) Park ( b ) Bridge 

(c) Interface ( d) Link 

30.546. What is the name given to the exchange 
of control signals which is necessary 
for establishing a connection between 
a modem and computer at one end of 
a line and another modem and computer 
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at the other end ? 

(a) Handshaking ( b ) Modem options 

(c) Protocol ( d) Duplexing 

30.547. A modem is connected in between a 
telephone line and a 

(a) network 
(. b ) computer 

(c) communication adapter 

(d) serial port 

30.548. What are the more commonly used 
transmission speeds in BPS used in 
data communications ? 

(a) 300 (b) 1200 

(c) 2400 (d) 4800 

30.549. Which of the following communica¬ 
tions lines is best suited to interactive 
processing applications ? 

(a) arroband channels 

( b ) simplex lines 

(c) full-duplex lines 

( d ) mixedband channels 

30.550. Data communications monitors avail¬ 

able on the software market include 
(a) ENVIRON/1 (b) TOTAL 

(i c ) BPL ( d) Telenet 

30.551. Which data communication method is 
used for sending data in both directions 
at the same time ? 

(a) super duplex ( b ) simplex 

(c) half duplex ( d ) full duplex 

30.552. What does the acronym ISDN stand 
for ? 

(a) Indian Standard Digital Network 

(b) Integrates Services Digital Network 

(c) Intelligent Services Digital Net¬ 
work 

(d) Integrated Services Data Network 

30.553. Many large organizations with other 
offices in different countries of the 
world connect their computers through 
telecommunication satellites and 
telephone lines. Such a communication 
network is allied 


(a) LAN ( b ) WAN 

(c) VAN (d) MAN 

30.554. A communication device that combines 
transmissions from several I/O devices 
into one line is a 

(a) concentrator ( b ) modifier 

(c) multiplexer (d) full-duplex line 

30.555. Which of the following is a popular 
way to send and receive messages with 
a computer ? 

(a) Uploading 
C b ) Downloading 

(c) Terminal emulation 

(d) Electronic mail 

30.556. What is the minimum number of wires 
required for sending data over a serial 
communications links ? 

(a) 2 (b) 1 

(c) 4 (d) 3 

30.557. What is the usually number of bits 
transmitted simultaneously in parallel 
data transmission used by microcom¬ 
puters ? 

(a) 6 (b) 9 

(c) 8’ (d) 1 

30.558. Sales persons and other employees of 
the company who spend much of their 
time away from their offices but keep 
in touch with their company’s 
microcomputers or mainframe com¬ 
puters over telephone lines are called 

(a) field works 

(b ) telecommuters 

(c) teleprocessors 

(d) company directors 

30.559. Which of the following is a security 
measure that helps * prevent un¬ 
authorized access to a mainframe com¬ 
puter ? 

( a ) Parity ( b ) Duplex 

(c) Password {d) Stop bits 

30.560. For connecting modem, a computer 
must be equipped with a port that 
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conforms to the RS-232 standard of 
the electronic industries association of 
America. What do the letters ‘RS’ 
stand for 

(a) recognized standard 

(b) random sequence 

(c) recommended standard 

(d) registered source 

30.561. Which transmission mode is used for 
a data communication along telephone 
lines ? 

(a) Parallel ( b ) Serial 

(c) Synchronous ( d) Asynchronous 

30.562. The transfer of data from a CPU to 
peripheral devices of a computer is 
achieved through 

(a) modems ( b ) computer ports 

(c) interfaces ( d) buffer memory 

30.563. Transferring a file from a host computer 
to your microcomputer is called 

(a) unloading ( b ) downloading 

(c) polling ( d) emulating 

30.564. Which of the following data transmis¬ 
sion media has the largest terrestrial 
range without the use of repeaters or 
other devices ? 

(a) Hardwiring ( b ) Microwave 

(c) Satellite ( d) Laser 

30.565. Which of the following is an inexpen¬ 
sive way to connect two microcom¬ 
puters ? 

(a) Local area network 
(. b ) On-line information service 
(c) Null-modem cable 
{d) Fibre-optic cable 

30.(566. The dialogue technique for terminal 
use do not include 

(a) questions and answers 
(/?) open-ended questions 

( c ) forms fillings 

( d) menu display 

30.567. A data terminal serves as a (n) 

(a) effected 
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( b ) sensor 

(c) both (a) and ( b ) 

(d) neither (a) nor ( b ) 

30.568. The coming together of three tech¬ 
nologies, i.e micro electronics, com¬ 
puting and communications has 
usheared in 

( a ) information explosion 

( b ) information technology 

(c) business revolution 

(d) educational upgradation 

30.569. Which of the following is considered 
a broadband communications channel? 

(a) Coaxial cable 

( b ) Fibre optic cable 

(c) Microwave circuits 

(d) All of the above 

30.570. Terminals are required for 

(a) batch processing 

( b ) real-time processing 

(c) both (a) and ( b ) 

(d) neither (a) nor ( b ) 

30.571. The term ‘duplex' refers to the ability 
of the data receiving stations to echo 
back a confirming message to the 
sender. In full duplex data transmission, 
both the sender and the receiver 

(a) cannot talk at once 

( b) can receive and send data simul¬ 
taneously 

(c) can send or receive data one at a 
time 

(d) can do one way data transmission 
only 

30.572. Transmission of computerized data 
from one location to another is called 

(a) data transfer 

( b ) data flow 

(c) data communication 
(i d) data management 

30.573. A smart modem can dial, hand up and 
answer incoming calls automatically. 
Can you tell who provides the appro- 
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priate instructions to the modem for 
this purposes ? 

(a) Communications software 

(b) Error detecting protocols 

(c) Link access procedure (LAP) 

(d) Telecommunications 

30.574. Which of the following is a voiceband 
channel ? 

(a) Telephone line 

(b) Telegraph line 

(c) Coaxial cable 

(d) Microwave systems 

30.575. A batch processing terminal would not 
include a 

(a) CPU ( b ) card reader 

(c) card punch ( d) line printer 

30.576. The channel in the data communication 
model can be 

(a) postal mail service 
0 b ) telephone lines 

(c) radio signals 

(d) all of the above 

30.577. We can receive data either through our 
television aerial or down our telephone 
lines and display this data on our 
television screen. What is the general 
name given to this process ? 

(a) View data ( b ) Teletext 

(c) Telesoftware (<£) Videotext 

» 

30.578. An anticipated result from multi¬ 
programming operations is : 

(a) reduced computer idle time 
(. b ) the handling of more jobs 

(c) better scheduling of work 

(d) all of the above 

30.579. Most data communications involving 
telegraph lines use : 

(a) simplex lines 

( b ) wideband channels 

(c) narrowband channels 

(d) dialed service 

30.580. Business meetings and conferences can 
be held by linking distantly located 
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people through a computer network 
not only the participants exchange in¬ 
formation but are able to see each 
other. What is it called ? 

(a) Telemeeting 

( b ) Telemailing 

( c ) Either of the above 

(d) None of the above 

30.581. Two basic functions of all communica¬ 
tions software are 

(a) terminal emulation and file transfer 

(b) error detection and file correction 

(c) data base management and file 
security 

( d ) hardware and software sharing 

30.582. Which of the following types of chan¬ 
nels move data relatively slowly ? 

{a) Wideband channel 

( b ) Voiceband channel 

(c) Narrowband channel 

(d) Broadband channel 

30.583. Operating system functions may in¬ 
clude 

(a) input/output control 

(b) virtual storage 

(c) multiprogramming 

(d) all of the above 

30.584. Now a days computers all over the 
world can talk to each other. Which 
is one of the special accessories es¬ 
sential for this purpose ? 

(a) Keyboard ( b ) Modem 

(c) Scanner (d) Fax 

30.585. When the computer provides the manger 
with a multiple choice of possible 
answers, the prompting technique is 

(a) question and answer 

( b ) form filling open-ended question 

(c) open-ended question 

(d) menu selection 

30.586. To make possible the efficient on-line 
servicing of many teleprocessing sys¬ 
tem users on large computer systems, 
designers are developing 

(a) communication systems 
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(b) multiprogramming systems 

(c) virtual storage systems 

(d) all of the above 

30.587. A subdivision of main storage created 
by operational software is referred to 
as a 

(a) compartment 

( b ) time-shared program 

(c) divided core 

(d) partition 

30.588. Computers cannot communicate with 
each other directly over telephone lines 
because they use digital pulses whereas 
telephone lines use analog sound fre¬ 
quencies. What is the name of the 
device which permits digital to analog 
conversion at the start of a long 5 distance 
transmission ? 

(a) Interface ( b ) Modem 

(c) Attenuation (d) Teleprocessor 

30.589. A characteristic of a multiprogramming 
system is : 

(a) simultaneous execution of program 
instructions from two applications 

( b ) concurrent processing of two or 
more programs 

(c) multiple CPUs 

(d) all of the above 

30.590. Terminals are used to 

(a) collect data from the physical sys¬ 
tem 

C b ) provide information for the 

manager 

(c) communicate management 

decisions to the physical system 
(< d ) all of the above 

30.591. Which of the following is not a com¬ 
monly used network protocol ? 

(a) Polling 

( b ) Parity 

( c ) Carrier sense multiple access 

(d) Token-passing* 

30.592. A required characteristic of an online 
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real-time system is : 

(a) more than one CPU 

( b ) off-line batch processing 

(c) no delay in processing 
0 d) all of the above 

30.593. An example of digital, rather than 
analog, communication is 

(a) ADD (b) DDS 

(c) WATS (d) DDT 

30.594. What function does a serial interface 
perform in data communication ? , 

(a) Converts serial data into audio sig¬ 
nals 

( b ) Converts analog signals into digital 
signals 

(c) Converts parallel data into a stream 
of bits 

(d) Decodes incoming signals into 
computer data 

30.595. A distributed data processing configura¬ 
tion in which all activities must pass 
through a centrally located computer 
is called a 

(a) ring network 

( b ) spider network 

(c) hierarchical network 

(d) data control network 

30.596. Communication between computers is 
almost always 

(a) serial ( b ) parallel 

(c) series parallel (d) direct 

30.597. A baud is always equivalent to 

(a) a byte ( b ) a bit 

(c) 16 bits ( d) none of these 

30.598. Which of the following is not a trans¬ 
mission medium ? 

(a) Telephone lines 

( b ) Coaxial cable 

(c) Modem 

(d) Microwave systems 

30.599. A hard copy would be prepared on a 

(a) typewriter terminal 

( b ) line printer 


Downloaded From : www.EasyEngineering.net 


Downloaded From : www.EasyEngineering.net 


COMPUTERS AND MICROPROCESSORS 

(c) plotter 

(d) all of the above 

30.600. If you see two of every character you 

type wvhen using a communication pro¬ 
gram, which setting should you change? 

(a) Duplex ( b ) Port 

(c) Speed ( d) Parity 

30.601. Which of the following is an advantage 
to using fiber optics data transmission? 

(a) Resistance to data theft 

( b ) Fast data transmission rate 

(c) Low noise level 

(d) All of the above 

30.602. A communication network which is 
used by large organization over 
regional, national or global area is 
called 

(a) LAN ( b ) WAN 

(c) MAN (d) VAN 

30.603. Which of the following is not a key 
piece of network hardware ? 

(a) Network workstation 

( b ) Network server 

(c) Network media 

(d) Network mouse 

30.604. An example of an analog communica¬ 
tion method is 

(a) laser beam 
. ( b ) microwave 

(c) voice grade telephone line 

(d) all of the above 

30.605. An example of a medium-speed, 
switched communications service is 

(a) Series 1000 

(b) Dataphone 50 
(d) DDD 

(d) all of the above 

30.606. Which of the following is required to 
communicate between two computers? 

(a) Communications software 

(b) Protocol 

(c) Communications hardware 

(d) All of the above 
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30.607. Microprogramming is 

(a) assembly language programming 

( b ) programming of minicomputer 
0 c ) control unit programming 

(d) macroprogramming of micro com¬ 
puters 

30.608. Which of the following does not allow 
multiple users or devices to share one 
communications line ? 

(a) Doubleplexer ( b ) Multiplexer 

(c) Concentrator ( d) Controller 

, 30.609. A disadvantage of internal modems is 
that they 

(a) are more expensive than external 
modems 

(b) draw their electrical power from 
the computer 

(c) require no external cables 

(d) are computer specific 

30.610. Typewriter terminals can print com¬ 
puter-generated data at a rate of 

( a ) 10 characters per second 

(b ) 120 characters per second 

(c) 120 characters per minute 

(d) 1200 characters per minute 

30.611. When you connect to an online infor¬ 
mation service, you are asked to pro¬ 
vide some kind of identification such 
as your name, an account number and 
a password. What is the name given 
to this brief dialogue between your 
and the information system ? 

(a) Security procedure 

(b ) Safeguard procedure 

(c) Identification procedure 

(d) Log-on procedure 

30.612. The word telematics is a combination 
of 

(a) computer 

(b) telecommunication 

(c) informatics 

(d) ( b) and (c) 

30.613. Which of the following might be used 
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by a company to satisfy its growing 
communication needs ? 

(a) Front-end processor 

( b ) Multiplexer 

(c) Controller 

( d) All of the above 

30.614. UPC has been vigorously opposed by 

(a) the federal government 

( b ) independent supermarker operators 

(c) both (a) and ( b) 

( d) neither (a) and ( b) 

30.615. In a PC to telephone hookup for long 
distance communication, modem is 
connected between the telephone line 
and 

(a) PC 

(b ) synchronous port 

(c) crossover cable 

(d) asynchronous port 

30.616. The process of converting analog sig¬ 
nals into digital signals so they can 
be processed by a receiving computer 
is referred to as 

(a) modulation ( b ) demodulation 

( c ) synchronizing ( d) none of these 

30.617. Which of the following is not a com¬ 
munications parameter ? 

(a) Speed ( b ) Modem 

( c ) Port ( d) Parity 

30.618. Which of the following communica¬ 
tions modes support two-way traffic 
but in only one direction at a time ? 
{a) Simplex 

( b ) Half-duplex 

(c) Three-quarters duplex 
{d) Full-of the above 

30.619. A teleprocessing system may consist 
of 

B. Fill in the Blanks/Say ‘Yes’ or ‘No* : 

30.626. Labels can be upto six characters, the 
first of which must be a letter. 

(Yes/No) 
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( a ) user -systems 
( [b ) communications systems 

(c) computer center systems 

(d) all of the above 

30.620. Working of the WAN generally invol¬ 
ves 

(a) telephone lines 

(b) microwaves 

(c) satellites 

{d) all of the above 

30.621. “Store and forward” applies to 

(a) distributed processing 

(b ) time-sharing 

(c) both (a) and ( b ) 

(d) neither (a) nor ( b) 

30.622. Who invented the modem ? 

(a) Wang Laboratories Ltd. 

(b ) AT & T Information System, USA 

(c) Apple Computers Inc. 

(d) Digital Equipment Corpn. 

30.623. Videotex is a combination of 

(a) television 

( b) communication 

(c) computer technology 

(d) all of the above 

30.624. The systematic access of small com¬ 
puters in a distributed data processing 
system is referred to as 

(a) dialed service 

(b ) multiplexing 

(c) polling 

( d) conversational mode 

30.625. The term “remote job entry” relates 
to 

(a) batch processing 

(b) realtime processing 

(c ) transaction processing 

(d) distributed processing 


30.627. A program written in mnemonics is 

known as . program. 

30.628. A mask is a byte used with an ANI 
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instruction to blank out certain bits. 

(Yes/No) 

30.629. The number of binary digits that make 

up the word is the . 

30.630. Memory stacks help in keeping track 

of return addresses and saving data for 
subroutines. (Yes/No) 

30.631. The ..flag is set when the 

accumulator contents go negative. 

30.632. A byte is a 8 binary digit word length. 

(Yes/No) 

30.633. The card reader of the computer reads 
the punched cards with varying speed 
of 300 to 1600 cards per minute. 

(Yes/No) 

30.634. The magnetic tape used in computers 

as an input device is similar to that 
in . tape recorders. 

30.635. The data on a magnetic tape cannot 

be easily erased. (Yes/No) 

30.636. The CPU may also be treated as the 
brain of the computer system. 

(Yes/No) 

30.637. The.unit performs all basic arith¬ 

metic operations. 

30.638. The element of the computer where 
all data and results are stored, is called 
. unit. 

30.639. The various cells of the memory units 

are numbered sequentially and their 
numbers are generally called as . 

30.640. Magnetic tape provides only serial 

access. (Yes/No) 

30.641. The data stored in auxiliary storage is 
not directly accessible and has to be 

routed through the .storage for 

processing. 

30.642. The floppy disk is made of flexible 
plastic and coated in magnetic oxide. 

(Yes/No) 
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30.643. The physical components, modules and 
peripherals comprising a computer sys¬ 
tem is called . 

30.644. .... is a set of programs required 

for data processing activities of the 
computer. 

30.645. The software which controls all 

processing activities and makes sure 
that the resources and the power of 
the computer are used in a most effi¬ 
cient manner, is called .software 

30.646. A set of programs that help the users 
to obtain better operating performance 

from the computer is called . 

system. 

30.647. All persons connected with computer, 

Le.j compiler, programmer, etc. are 
called liveware. (Yes/No) 

30.648. Car speedometers are a good ex¬ 
ample of . computers. 

30.649. . computers work with discrete 

values. 

30.650. Micro computers are popularly known 
as personal computers (P.C.). 

(Yes/No) 

30.651. Every.computer is provided with 

a microprocessor in which all the 
processing abilities of a computer are 
concentrated. 

30.652. The total number of digits applicable 

to any system is called its . 

30.653. Radix is always one less than the 
highest digit of the system. (Yes/No) 

30.654. The smallest unit of information that 

can be stored and processed by a digital 
computer is called a . 

30.655. The part of the word which can be 
stored or retrieved from the memory 

is called a . 

* ; 

30.656. A Byte normally consists of 12 or 18 

bits. (Yes/No) 
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30.657. The digits together with the alphabets 

are called . characters. 

30.658. Computers are binary machines and 

are able to understand only symbols 
. and . 

30.659. In Binary Coded Decimal System, each 
digit on the decimal number is con¬ 
verted to purely binary form. 

(Yes/No) 

30.660. Each word in the memory has an. 

30.661. The size of the memory is specified 
by the number of words it has. 

(Yes/No) 

30.662. A large memory is specified in units 

of 1024, which is abbreviated as . 

30.663. The time required to perform one 

READ or WRITE operation is known 
as . of the memory. 

30.664. Cycle times of computer memories 

range from . nano-seconds to 

. micro-seconds. 

30.665. An instruction cycle.is a fixed duration 
of time during which an instruction is 
fetched from memory and executed by 
C.P.U. of the computer. (Yes/No) 

30.666. The fixed duration of time in which 

an instruction is executed by C.P.U. 
is called . cycle. 

30.667. The time required to access any word 

in the memory, is known as the access 
time. (Yes/No) 

30.668. In some computers, the primary 
memories are made of ferrite cores 

and the memories are known as . 

memories. 

30.669. The auxiliary memories have small 

storage capacity as compared to the 
primary memory. (Ybs/No) 

30.670. Magnetic drum, disk and tape are used 

as . memories. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

30.671. Magnetic discs are provided generally 
6 plates, with 10 usable surfaces. 

(Yes/No) 

30.672. An entry which remains unchanged 

during the execution of a Fortran pro¬ 
gram, is defined as a . 

30.673. A sub-program is a complete and in¬ 

dependent program which can be used 
by the main program or other sub¬ 
programs. (Yes/No) 

30.674. The dummy variables which are used 
in the sub-routine statements must ap¬ 
pear in non-subscripted form. 

(Yes/No) 

30.675. A source language which may be used 

to define operations that can be trans¬ 
lated by software into machine instruc¬ 
tions is generally known as a . 

language. 

30.676. The.level languages are general¬ 

ly used as programming languages. 

30.677. Declarative languages are generally 

used as command languages dominated 
by statements. (Yes/No) 

30.678. Machine language is also known as a 

high level language. (Yes/No) 

30.679. A complete set of command instruc¬ 

tions understandable to and used direct¬ 
ly by a computer for execution is called 
a . language. 

30.680. The input devices and visual feed-back 

capabilities which allow bilateral com¬ 
munication between the designer and 
the system is called . 

30.681. A computer program that translates the 

symbolic code instructions to produce 
machine language instructions is called 
an .. 

30.682. A computer program that converts or 
translates a high level user written 
language with a language under-stan- 
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dable by the computer is called a. 

30.683. APL, PROLOG, and LISP are manually 
. languages. 

30.684. PASCAL, FORTRAN, COBOL, PL/1, 
SNOBOL, C and ADA are mainly 
. languages. 

30.685. PASCAL, FORTRAN, and APL are 
the main programming languages for 
. applications. 

30.686. Chips are rated in terms of their 


capacity and speed. (Yes/No) 

30.687. Registers are used for permanent 

storage of data. (Yes/No) 

30.688. Program is a set of instructions which 

perform a task. (Yes/No) 

30.689. AND gate is like a . circuit. 

30.690. OR gate is like a . circuit. 

30.691. Inverted (NOT) changes an input to 

its opposite state. (Yes/No) 

30.692. Karnaugh maps are used to simplify 

equations. (Yes/No) 


30.693. Punched card was introduced by Pascal. 

(Yes/No) 

30.694. The hardware and software in a com¬ 
puter system should not be compatible. 

(Yes/No) 

30.695. Hard disks have storage capacity of 
the order of several million bytes. 

(Yes/No) 

C. Match the list I with List II and 
select the correct answer using the codes given 
below the lists : 

30.696. List I List II 

A. Magnetic 1. execute 

drum, disc and 

tape areused as 
. memories 

B. The fixed 2. auxiliary 
duration of 

time in which 


an instruction 
is executed by 
C.P.U. is called 
.. cycle 

C. Each word in 
the memory 
has an ...... 

D. An entry which 
remains 
unchanged 
during the 
exection of the 
Fortran 

program, is 
defined as a .... 

Codes : 

A B 

(a) 1 2 

(b) 2 1 

(c) 3 4 

(d) 1 4 


30.697. List I 

A. The element of 
the compouter 
where all data 
and results are 
stored is called 
. unit. 

B f . computers 

work with 
discrete values 

C. The part of the 

word which 
can be stored 
or retrieved 
from the 

memory is 
called a . 

D. Car speedo¬ 
meters are a 
good example 

of . 

computers 


3. constant 


4. address 


C D 

3 4 

4 3 

2 1 

2 3 

List II 
1. digital 


2. byte 


3. analog 


4. memory 
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30.68 

Codes : 
A 

(a) 4 

(b) 1 

(c) 4 

M) 1 

30.698. 

A. 


B. 


C. 


D. 


Codes : 
A 

(a) 4 

(b) 3 

(c) 3 
id) 1 

30.699. 

A. 


B. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


B 

1 

2 

3 

4 

List I 

A program 
written in 
mnemonics is 

known as. 

program 
The physical 
components, 
modules and 
peripherals 
comprising a 
computer sys¬ 
tem is called .... 
The total 

number of 
digits appli¬ 
cable to any 
system is called 

its . 

The number of 
binary digits 
that make up 
the word is the 


B 

2 

4 

1 

2 

List I 

AND gate is 

like a . 

circuit 

OR gate is like 
a .. circuit 


C D 

2 3 

3 4 

2 1 

3 2 

List II 

I. hardware 


2. word length 


3. source 


4. radix 


C D 

3 1 

1 2 

4 2 

3 4 

List II 

1. parallel 


2. audio 


C. The magnetic 
tape used in 
computers as 
an input device 
is similar to 

that in . 

tape recorders 

D. The . unit 

performs all 
basic 
arithmetic 
operations 


Codes : 

A B 

(a) 4 1 

(b) 1 2 

(c) 3 4 

id) 4 2 


30.700. List I 

A. Micro 

computers are 
popularly 
known as . 

B. The . may 

also be treated 
as the brain of 
the computer 
system 

C. A . is a 8 

binary digit 
word length 

D. Labels can be 

upto six 

characters, the 
first of which 
must be a. 

Codes : 


A B 

id) 4 2 

ib) 1 2 

ic) 3 1 

id) 2 3 


3. airthmetic 


4. series 


C D 

2 3 

3 4 

2 1 

3 1 

List II 
1. CPU 


2. letter 


3. personal com¬ 
puters 

4. byte 


C D 

3 1 

3 4 

4 2 

4 1 
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COMPUTERS AND MICROPROCESSORS 30. 

ANSWERS 

(Computers and Microprocessors) 

A. Choose the Correct Answer : 


30.1. (d) 

30.2. (c) 

30.3. (c) 

30.4. (a) 

30.5. (a) 

30.6. (b) 

30.7. (b) 

30.8. (c) 

30.9. (d) 

30.10. (d) 

30.11. (c) 

30.12. (a) 

30.13. (d) 

30.14. (d) 

30.15. (a) 

30.16. (a) 

30.17. (d) 

30.18. (c) 

30.19. (c) 

30.20. (c) 

30.21. (d) 

30.22. (c) 

30.23. (c) 

30.24. (c) 

30.25. (a) 

30.26. (e) 

30.27. (d) 

30.28. (c) 

30.29. (c) 

30.30. (b) 

30.31. ( b) 

30.32. (d) 

30.33. (d) 

30.34. (c) 

30.35. (c) 

30.36. (b) 

30.37. (a) 

30.38. (d) 

30.39. (d) 

30.40. (d) 

30.41. (c) 

30.42. (b) 

30.43. (d) 

30.44. (b) 

30.45. (b) 

30.46. (b) 

30.47. (a) 

30.48. (d) 

30.49. (b) 

30.50. (c) 

30.51. (c) 

30.52. (a) 

30.53. (c) 

30.54. (b) 

30.55. (b) 

30.56. (c) 

30.57. (a) 

30.58. (c) 

30.59. (d) 

30.60. (a) 

30.61. (a) 

30.62. (d) 

30.63. (d) 

30.64. (a) 

30.65. (c) 

30.66. (a) 

30.67. (a) 

30.68. (c) 

30.69. (d) 

30.70. (d) 

30.71. (d) 

30.72. (d) 

30.73. (d) 

30.74. (c) 

30.75. (d) 

30.76. (c) 

30.77. (d) 

30.78. (e) 

30.79. (e) 

30.80. (d) 

30.81. (d) 

30.82. (d) 

30.83. (b) 

30.84. (c) 

30.85. (c) 

30.86. (d) 

30.87. (a) 

30.88. (a) 

30.89. (a) 

30.90. (a) 

30.91. (c) 

30.92. (c) 

30.93. (d) 

30.94. (a) 

30.95. (a) 

30.96. (c) 

30.97. (d) 

30.98. (d) 

30.99. (d) 

30.100. (d) 

30.101. (c) 

30.102. (e) 

30.103. (a) 

30.104. (d) 

30.105. (c) 

30.106. (c) 

30.107. (a) 

30.108. (d) 

30.109. (a) 

30.110. (b) 

30.111. (d) 

30.112. (d) 

30.113. (d) 

30.114. (b) 

30.115. (a) 

30.116. (b) 

30.117. (d) 

30.118. (d) 

30.119. (a) 

30.120. (a) 

30.121. (d) 

30.122. (c) 

30.123. (c) 

30.124. (b) 

30.125. (d) 

30.126. (c) 

30.127. (a) 

30.128. (e) 

30.129. (d) 

30.130. (d) 

30.131. (d) 

30.132. (d) 

30.133. (b) 

30.134. (d) 

30.135. (e) 

30.136. (e) 

30.137. ( b) 

30.138. (d) 

30.139. (d) 

30.140. ( b ) 

30.141. (a) 

30.142. (d) 

30.143. (c) 

30.144. (c) 

30.145. (c) 

30.146. (d) 

30.147. ( b) 

30.148. ( b) 

30.149. (d) 

30.150. (b) 

30.151. (c) 

30.152. (b) 

30.153. (d) 

30.154. (d) 

30.155. (c) 

30.156. (d) 

30.157. (e) 

30.158. (a) 

30.159. (d) 

30.160. (c) 

30.161. (b) 

30.162. (c) 

30.163. (c) 

30.164. (d) 

30.165. (d) 

30.166. (c) 

30.167. (c) 

30.168. ( b) 

30.169./(e) 

30.170. (d) 

30.171. (c) 

30.172. (a) 

30.173. (a) 

30.174. (d) 

30.175. (a) 

30.176. (d) 

1 30.177. ( b ) 

30.178. (d) 

30.179. ( b) 

30.180. (a) 

30.181. (a) 

| 30.182. (d) 

I 

30.183. (d) 

30.184. (a) 

30.185. (d) 
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30.186. (a) 
30.191. (/;) 
30.196. (a) 
30.201. (c) 
30.206. (cl) 
30.212. (c) 
30.216. (c) 
30.221. (cl) 
30.226. (c) 
30.231. '(c) 
30.236. (cl) 
*30.241. (a) 
30.246. (cl) 
30.251. (a) 
30.256. (c) 
30.261. (a) 
30.266. (c) 
30.271. (cl) 
30.276. (c) 
30.281. (b) 
30.286. (a) 
30.291. (ct) 
30.296. (cl) 
30.301. (c) 
30.306. (c) 
30.311. (a) 
30.316. (cl) 
30.321. (c) 
30.326. (a) 
30.331. (cl) 
30.336. (b) 
30.341. (c) 
30.346. (cl) 
30.351. (c) 
30.356. (cl) 
30.361. (c) 
30.366. (a) 
30.371. (cl) 
30.376. (cl) 
30.381. (c ) 


30.187. (b) 
30.192. (cl) 
30.197. (c) 
30.202. (cl) 
30.207. (c) 
30.212. ( b) 
30.217. (c) 
30.222. (d) 
30.227. (b) 
30.232. (cl) 
30.237. (a) 
30.242. (c) 
30.247. (a) 
30.252. (d) 
30.257. (a) 
30.262. (b) 
30.267. (c) 
30.272. (c) 
30.277. (/;) 
30.282. (c) 
30.287. (/>) 
30.292. (c) 
30.297. (c) 
30.302. (c) 
30.307. (d) 
30.312. (b) 
30.317. (b) 
30.322. (c) 
30.327. (/?) 
30.332. (b) 
30.337. (cl) 
30.342. (a) 
30.347. (c) 
30.352. (a) 
30.357. (a) 
30.362. (cl) 
30.367. (c) 
30.372. (d) 
30.377. (rO 
30.382. (d) 


30.188. ( b) 
30.193. (b) 
30.198. (a) 
30.203. (cl) 
30.208. (b) 
30.213. (c) 
30.218. (cl) 
30.223. (c) 
30.228. (ct) 
30.233. (c) 
30.238. (cl) 
30.243. (a) 
30.248. (b) 
30.253. (h) 
30.258. (cl) 
30.263. (c) 
30.268. (a) 
30.273. (c) 
30.278. (b) 
30.283. (a) 
30.288. (b) 
30.293. (cl) 
30.298. (by 
30.303. (b) 
30.308. (d) 
30.313. (c) 
30.318. (a) 
30.323. (b) 
30.328. (a) 
30.333. (a) 
30.338. (b) 
30.343. (cl) 
30.348. (b) 
30.353. (a) 
30.358. (c) 
30.363. (a) 
30.368. (b) 
30.373. (c) 
30.378. (cl) 
30.383. (a) 


30.189. (b) 
30.194. (c) 
30.199. (a) 
30.204. (c) 
30.209. (c) 
30.214. (a) 
30.219. (b) 
30.224. (c) 
30.229. (b) 
30.234. (b) 
30.239. (b) 
30.244. (a) 
30.249. (d) 
30.254. (d) 
30.259. (b) 
30.264. (a) 
30.269. (a) 
30.274. (b) 
30.279. (b) 
30.284. (c) 
30.289. (a) 
30.294. (c) 
30.299. (b) 
30.304. (a) 
30.309. (d) 
30.314. (b) 
30.319. (b) 
30.324. (c) 
30.329. (a) 
30.334. (b) 
30.339. (d) 
30.344. (b) 
30.349. (a) 
30.354. (ci) 
30.359. (c) 
30.364. (d) 
30.369. (a) 
30.374. (a) 
30.379. (ci) 
30.384. (d) 


30.190. (a) 
30.195. (a) 
30.200. (cl) 
30.205. (b) 
30.210. (a) 
30.215. (r) 
30.220. (c) 
30.225. (c) 
30.230. (d) 
30.235. (ci) 
30.240. (b) 
30.245. (b) 
30.250. (c) 
30.255. (b) 
30.260. (b) 
30.265. (b) 
30.270. (a) 
30.275. (cl) 
30.280. (b) 
30.285. (a) 
30.290. (d) 
30.295. (cl) 
30.300. (b) 
30.305. (b) 
30.310. (c) 
30.315. (c) 
30.320. (a) 
30.325. (c) 
30.330. (a) 
30.335. (c) 
30.340. (cl) 
30.345. (cl) 
30.350. (b) 
30.355. (b) 
30.360. (b) 
30.365. (c) 
30.370. (c) 
30.375. (c) 
30.380. (c) 
30.385. (cl) 
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30.386. (d) 
30.391. (c) 
30.396. (b) 
30.401. (b) 
30.406. (h) 
30.411. (<■) 
30.416. (f) 
30.421. (b) 
30.426. (b) 
30.431. UD 
30.436. (d) 
30.441. (a) 
30.446. (<•) 
30.451. (a) 
30.456. Ul) 
30.461. (a) 
30.466. (b) 
30.471. (d) 
30.476, (b) 
30.481. Ul) 
30.486. (o) 
30.491. (b) 
30,496. Ui) 
30.501. Ul) 
30.506. UD 
30.511. (c) 
30.516: (/?) 
30.521. (<:) 
30.526. Ul) 
30.531. « ) 
30.536. (<•) 
30.541. Ul) 
30.546. (f/) 
30.551. (d) 
30.556. Ui) 
30.561. (b) 
30.566. (/;) 
30.571. (b) 
30.576. UD 
30.581. (/;) 


MICROPROCESSORS 


30.387. (c) 

30.388. (d) 

30.389. (d) 

30.390. (c) 

30.392. (a) 

30.393. (c) 

30.394. (b) 

30.395. (b) 

30.397. (a) 

30.398. (c) 

30.399. (b) 

30.400. (d) 

30.402. ( b ) 

30.403. (d) 

30.404. (c) 

30.405. (a) 

30.407. (c) 

30.408. (b) 

30.409. (d) 

30.410. (d) 

30.412. (b) 

30.413. (b) 

30.414. (a) 

30.415. ( b) 

30.417. (b) 

30.418. (a) 

30.419. (b) 

30.420. (ID 

30.422. (b) 

30.423. (b) 

30.424. (b) 

30.425. (d) 

30.427. (c) 

30.428. (a) 

30.429. (c) 

30.430. (c) 

30.432. (b) 

30.433.' (d) 

30.434. (a) 

30.435. (c) 

30.437. (a) 

30.438. (b) 

30.439. (a) 

30.440. (a) 

30.442. (ct) 

30.443. (b) 

30.444. (a) 

30.445. (c) 

30.447. (<■) 

30.448. (b) 

30.449. (a) 

30.450. (a) 

30.452. UD 

30.453. (c) 

30.454. (c) 

30.455. (c) 

30.457. (a) 

30.458. (a) 

30.459. (b) 

30.460. (ID 

30.462. (c) 

30.463. (c) 

30.464. UD 

30.465. (a) 

30.467. (b) 

30.468. (b) 

30.469. (d) 

30.470. (d) 

30.472. (c) 

30.473. UD 

30.474. (c) 

30.475. (a) 

30.477. (a) 

30.478. (c) 

30.479. (c) 

30.480. (c) 

30.482. (d) 

30.483. (d) 

30.484. (c) 

30.485. (a) 

30.487. (d) 

30.488. (a) 

30.489. (a) 

30.490. (c) 

30.492. (a) 

30.493. (b) 

30.494. (d) 

30.495. (a) 

30.497. (b) 

30.498. (b) 

30.499. (d) 

30.500. (b) 

30.502. ( b) 

30.503. (a) 

30.504. (c) 

30.505. (c) 

30.507. (a) 

30.508. (a) 

30.509. (c) 

30.510. (a) 

30.512. UD 

30.513. (c) 

30.514. (a) 

30.515. (a) 

30.517. {d) 

30.518. (b) 

30.519. UD 

30.520. '(c) 

30.522. (a) 

30.523. (b) 

30.524. (d) 

30.525. (c) 

30.527. UD 

30.528. (c) 

30.529. (d) 

30.530. (b) 

30.532. (/;) 

30.533. (ID 

30.534. (b) 

30.535. (h) 

30.537. (c) 

30.538. (ID 

30.539. (/;) 

30.540. (b) 

30.542. (ID 

30.543. (b) 

30.544. (d) 

' 30.545. (b) 

30.547. (c) 

30.548. (d) 

30.549. (c) 

30.550. Ui) 

30.552. (b) 

30.553. (b) 

30.554. (c) 

30.555. (d) 

30.557. (b) 

30.558. (ID 

30.559. (c) 

30.560. (c) 

30.562. (b) 

30.563. (b) 

30.564. (c) 

30.565. (c) 

30.567. (c) 

30.568. (b) 

30.569. (d) 

30.570. (b) 

30.572. (c) 

30.573. (a) 

30.574. (a) 

30.575. (a) 

30.577. (d) 

30.578. (d) 

30.579. (c) 

30.580. (d) 

30.582. (c) 

30.583. (d) 

30.584. (b) 

30.585. (d) 
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ELECTRICAL ENGINEERING 

(OBJECTIVE TYPE) 

30.586. (d) 

30.587. (cl) 

30.588. (A) 

30.589. (A) 

30.590. (cl) 

30.591. (A) 

30.592. (c) 

30.593. (cl) 

30.594. (c.) 

30.595. (A) 

30.596. (a) 

30.597. Id) 

30.598. (c) 

30.599. (d) 

30.600. (a) 

30.601. (cl) 

30.602. (A) 

30.603. (d) 

30.604. (cl) 

30.605. (c) 

30.606. (cl) 

30.607. (c) 

30.608. (a) 

30.609. (d) 

30.610. (A) 

30.611. (d) 

30.612. (d) 

30.613. (d) 

30.614. (d) 

30.615. (d) 

30.616. (b) 

30.617. (A) 

30.618. (A) 

30.619. (d) 

30.620. (A) 

30.621. (cl) 

30.622. (A) 

30.623. (d) 

30.624. (c) 

30.625. (a) 

B. Fill in the Blanks/Say ‘Yes’ or 

‘No’ : 

' 


30.626. Yes 


30.627. source 

30.628. 

Yes 

30.629. word length 


30.630. Yes 

30.631. 

sign 

30.632. Yes 


30.633. Yes 

30.634. 

audio 

30.635. No 


30.636. Yes 

30.637. 

arithmetic 

30.638. memory 


30.639. addresses 

30.640. 

Yes 

30.641. main 


30.642. Yes 

30.643. 

hardware 

30.644. software 


30.645. system 

30.646. 

operating 

30.647. Yes 


30.648. analog 

30.649. 

Digital 

30.650. Yes 


30.651. micro 

30.652. 

radix 

30.653. No 


30.654. bit 

30.655. 

byte 

30.656. No 


30.657. alphanumeric 

30.658. 

0, 1 

30.659. Yes 


30.660. address 

30.661. 

Yes 

30.662. ‘K* 


30.663. cycle time 

30.664. 

100, 2 

30.665. Yes 


30.666. Execute 

30.667. 

Yes 

30.668. core 


30.669. No 

30.670. 

auxiliary 

30.671. Yes 


30.672. constant 

30.673. 

Yes 

30.674. Yes 


30.675. programming 

30.676. 

high 

30.677. Yes 


30.678. No 

30.679. 

machine 

30.680. interface 


30.681. Assembler 

30.682. compiler 

30.683. interpreted 


30.684. compiled 

30.685. 

scientific 

30.686. Yes 


30.687. No 

30.688. 

Yes 

30.689. series 


30.690. parallel 

30.691. 

Yes 

30.692. Yes 

30.695. Yes 

C. Match List I with List II 

30.693. No 

30.694. 

No 

30.696. (A) 

30.699. (a) 


30.697. (a) 

30.700. (c) 

30.698. 

(0 


□ □ 
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General Awareness and Miscellaneous 

Multiple-Choice Questions 


Choose the Correct Answer: 

31.1. Which of the following is an example of 
an active device ? 

(a) Transformer 

(b) Silicon controlled rectifier (SCR) 

(c) Electric bulb 

(d) None of the above 

31.2. A resistor with negative temperature 

co-efficient is called. 

(a) thermistor ( b ) potentiometer 

(c) either of the above 

(d) none of the above 

31.3. Cryogenics is a science dealing with 

(а) high temperature 

(б) low temperature 

(c) friction and wear 

(d) growth of crystals 

31.4. Balloons are filled with 

(a) oxygen (6) hydrogen 

(c) argon (d) carbon dioxide 

31.5. Lowest layer of earth’s atmosphere is 
called 

(a) sonosphere (b) stratosphere 

(c) troposphere (d) mesosphere 

31.6. The sky appears blue because of 

(а) scattering of water droplets 

(б) scattering of air 

(c) scattering of light 

(d) scattering of dust particles 

31.7. The output frequency of a full wave 
rectifier is 

(a) same as the input frequency 

(b) one-half of the input frequency 

(c) double of the input frequency 

31. J 


(d) none of the above 

31.8. Which of the following is an example of 
a solid-state device ? 

(a) Pentode (6) Triode 

[c) Diode 

(d) Field-effect transistor 

31.9. The temperature rise in a cable conduc¬ 
tor depends on which of the following ? 

(а) The overall diameter 

(б) The length of the conductor 

(c) The cross-sectional area 

(d) None of the above 

31.10. Two charges separated by some finite 
distance give rise to 

(а) an electromotive force 

(б) a force of attraction 

(c) an electric field 

(d) a magnetic field 

31.11. Variable resistors are generally made 
as 

(a) wire wound resistors 

(b) carbon resistors 

(c) either of the above 

(d) none of the above 

31.12. Which of the following is a unipolar 
device ? 

(а) Uni-junction transistors 

(б) P-N diodes 

(c) N.P.N. transistors 

(d) None of the above 

31.13. Radioactive iodine is used for the treat¬ 

ment of which of the following dieases ? 
(a) Skin (6) Bones 

(c) Blood cancer (cO Thyroid 
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31.2 

31.14. All of the following radiations may 
ionise a gas except 

(a) electrons (6) y-rays 

(c) X-rays id) a-particles 

31.15. Isobars are produced as a result of the 
emission of 

(a) alpha particles (6) beta particles 
(c) gamma rays ( d ) X-rays 

31.16. Anions and cations are held together in 

a crystal by.force. 

(a) electrostatic ( b ) magnetic 

(c) nuclear (d) gravitational 

31.17. In India the equipment for thermal 
power plant is being manufactured by 


(a) TATA (b) HEC 

(c) NTPC (d) BHEL 

31.18. Hydrogen and deuterium are two. 

(a) istopes (6) isomers 

(c) isobars (d) isotones 

31.19. The least energy is radiated by 

(a) X-rays (6) gamma rays 

(c) electrical waves (d) alpha rays 

31.20. A cooling power used in plant is run by 

(a) diesel power ( b ) thermal power 

(c) gas turbine (d) nuclear power 

31.21. ‘The effect of cosmic rays will be an 
important constraint while selecting 
insulation material for a plant run by 
(a) thermal power (6) satellite power 
(c) nuclear power (d) solar power 

31.22. Isotopes having maximum tendency for 
fission in 

(a) 94 Pu 249 (6) 6 c 14 

(c) iH 2 (d) 27 C0 59 

31.23. Isobars are produced by emission of 

{a) X-rays (b) gamma rays 

(c) alpha particles (d) beta particles 

31.24. Which of the following materials give 
photo emission ? 

(a) Lithium (b) Copper 

(c) Silicon (d) Germanium 

31.25. Identical between an atom and an 
isotope is their 

(a) mass number (6) atomic number 

(c) chemical change 

(d) Avogadro’s number 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

31.26. The end product of disintegration of 
U 235 is 

(a) urane (6) gold 

(c) copper (d) lead 

31.27.is not a transition element. 

(a) Zinc (b) Gold 

(c) Platinum (d) Copper 

31.28. The phenomenon associated with the 

formation of rainbow is.of light. 

(a) dispersion (6) interference 

(c) diffraction (d) reflection 

31.29. Which of the following is the source of 
solar energy ? 

(а) Magnetic radiation 

(б) Burning of hydrogen 

(c) Chemical energy 

(d) Nuclear fission/fusion 

31.30. One carat is equal to.mg. 

(a) 10 (b) 100 

(c) 150 (d) 200 

31.31. The velocity of sound depends on its 
(a) pitch 

(&) quality and pitch 

(c) loudness, quality and pitch 

(d) none of the above 

31.32. A charged capacitor possesses . 

energy. 

(a) kinetic (6) potential 

(c) electrostatic ( d) magnetic 

31.33. Woollen clothes keep us warm in winter 
because 

(а) they give heat to the body 

(б) they protect the heat of the body 
from escaping 

(c) they protect the cold from entering 
the body 

(d) none of the above 

31.34. The hygrometer is an instrument used 
to measure 

(a) rainfall ( b ) altitude 

(c) relative humidity 

(d) temperature 

31.35. The bats can fly in dark because 

(а) the light reflects them 

(б) they have better vision in dust 
(c) they produce ultrasonic sounds 
{d) none of the above 
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GENERAL AWARENESS 

31.36. Lie detector is an instrument which is 
used for 

(а) measuring the body temperature 

(б) measuring the pulse rate 

(c) recording impulses due to changes 
in certain body activities 

(d) none of the above 

31.37.is the* most abundantly found gas 

in the atmosphere. 

(a) Oxygen ( b ) Hydrogen 

(c) Nitrogen id) Carbon dioxide 

31.38. A ship entering sea from a river will 

(a) rise (6) fall 

vc) either of the above 

(d) none of the above 

31.39. Myopia can be corrected by using ...... 

lens. 

(a) convex ( b ) concave 

(c) biconvex (d) plain concave 

31.40. Water pipes are apt to burst in cold 
weather because 

(а) water expands and pipe shrinks 

(б) water shrinks and pipe expands 

(c) both water and pipe shrink in 
volume 

(d) none of the above is correct 

31.41. Dew is formed on objects which are 

(a) bad conductors of heat 

(b) good radiators 

(c) situated near the earth 

(d) having all above properties 

31.42. Filament of a bulb does not burn up 
although its temperature is above 
2700°C. This is because of 

(а) evacuation of the air from inside of 
the bulb 

(б) filling the bulb with inert gas like 
argon or helium 

(c) both (a) and ( b) 

(d) none of the above reasons 

31.43. Sound waves travel fastest in 

(a) water (6) air 

(c) vacuum [d] steel 

31.44. A substance which when dissolved in 
water produces hydrogen ion is called 


(a) base ( b ) acid 

(c) salt (d) none of the above 


31.3 

31.45. Ozone layer of atmosphere absorbs. 

rays. 

(a) cosmic (6) ultraviolet 

(c) infrared ( d ) all of the above 

31.46. Fuel used in fast breeder reactor in 
Kalapakkam is 

(а) platinum 

(б) thorium 

(c) enriched uranium 

(d) none of the above 

31.47. Distribution of electric power from one 
place to another is done at high A.C. 
voltage because 

(a) it increases brightness of the light 
(6) wastage of electricity is reduced 

(c) stealing of electric wires is reduced 

(d) electricity moves in a very short 
time 

31.48. Stars get their energy from 
' (a) nuclear fission 

(b) nuclear fusion 

(c) chemical reaction 

(d) none of the above 

31.49. Nichrome is best suited for making 
heating elements because it has high 


(a) resistivity (6) melting point 
(c) rusting point (d) all of the above 

31.50. Volatisation of filament material occurs 
more in 

(а) vacuum lamps 

(б) inert gas filled lamps 

(c) both of the above lamps 

(d) none of the above lamps 

31.51. When two bodies stick together after 
collision, the collision is said to be 

(a) perfectly elastic 
(fo) partially elastic 

(c) plastic 

(d) completely inelastic 

31.52. A virtual image is produced by which of 
the following ?. 

(a) An ordinary camera 

(b) Simple magnifier- 

(c) A motion picture projector 

(d) Duplicating camera 

31.53. The relative humidity of air is 100 per¬ 
cent nearly 
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31.4 

(а) during night 

(б) while it rains 

(c) in a room cooled by a desert cooler 
(cO in an air conditioned chamber 
31.54* Which of the following is not identical 
between an atom and an isotope ? 

(a) Position in periodic table 

( b ) Mass number 

(c) Atomic number 

(d) Chemical properties 

31.55. The copper frequency limit to which 
normal human ear responds is about 
(a) 10 Hz (&> 1000 Hz 

(c) 2000 Hz (rf) 20000 Hz 

31.56.wiring is preferred for damp loca¬ 

tions. 

(a) Casing capping (6) Conduit 
(c) Batten (d) Cleat 

31.57. A fluorescent tube when worked from 
D.C. supply will contain...... to stabilise 

the arc. 

(a) choke (6) condenser 

(c) resistance (d) inductor 

31.58. Dalton’s law of partial pressure is 
applicable to mixture of 

(а) ammonia and steam 

(б) sulphur dioxide and oxygen 

(c) carbondioxide and carbon monoxide 

(d) all of the above 

31.59. The phenomenon of using ultraviolet 

rays for treatment of water is called. 

(a) bleaching (6) disinfection 

(c) dechlorination 

(d) none of the above 

31.60. Radioactive changes are characterised 
by which of the following ? 

(a) Rise in pressure 

(b) Noise 

(c) Constant ratio of disihtegration 

(d) Temperature fall 

31.61. Electromagnetic radiations are produced 
due to acceleration of a 

(a) neutron (6) proton 

(c) electron 

(d) both proton and neutron 

31.62. In vacuum, the common among infra¬ 
red rays, radio waves, visible light and 
X-rays is 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(a) frequency (6) wavelength 

(c) amplitude (d) velocity 

31.63. When a monochromatic light wave 
travels from one medium to another, its 
unchanged parameter is 

(a) wavelength (6) velocity 

(c) frequency ( d ) amplitude 

31.64. The hardest substance occuring in 
nature is 

(a) platinum (6) gold 

(c) tungsten ( d ) diamond 

31.65. The intensity of solar radiation on 
earth is nearly equal to 

(a) 0.5 kW/m 2 (6) 1 kW/m 2 
(c) 2 kW/m 2 (d) 2.5 kW/m 2 

31.66. The weight of a man will be maximum 
when placed at the 

(a) north pole ( b ) south pole 

(c) equator (d) centre of earth 

31.67. The corrosion resistance of steel is in¬ 
creased by alloying it with which of the 
following ? 

(a) Vanadium (6) Aluminium 

(c) Copper (d) Chromium 

31.68. The input impedance of C.R.O. is 

(a) around 1 ( b ) zero 

(c) around 500 Q 

(d) none of the above 

31.69. Alternating voltage measurement in a 
VTVM, corresponds to 

(а) sine wave inputs 

(б) square wave inputs 
(c) saw tooth wave inputs 
(<f) none of the above 

31.70. A C.R.O. cannot be used for the mea¬ 
surement of 

(a) frequency (6) power 

(c) voltage {d) current 

31.71. A moving iron ammeter may be com¬ 
pensated for frequency errors by a. 

(а) series resistance 

(б) series inductance 

(c) shunt resistance 

(d) shunt capacitance 

31.72. An integrating digital voltmeter mea¬ 
sures 

(a) average value (6) peak value 
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GENERAL AWARENESS 

(c) r.m.s. Value 

(d) instantaneous values 

31.73. Which of the following is an active ele¬ 
ment of a circuit ? 

(a) Capacitance ( b) Inductance 

(c) Resistance 

(d) Ideal current source 

31.74. Electrostatic instruments are parti¬ 
cularly suitable for 

(a) fluctuating voltages 

(b) high frequencies 

(c) high voltages 

(d) none of the above 

31.75. Bolometers are used for measurement of 

(a) temperature inputs 

(b) electrical signals 

(c) optical inputs 

(d) thermal radiations 

31.76. In a feedback system the transient 
response 

(а) decays slowly 

(б) decays more quickly 

(c) gets magnified 

(d) decays at a constant rate 

31.77. The resistivity of a metal is a function 
of temperature because 

(a) the amplitude of vibration of the 
atoms varies with temperature 

(b) the electron density varies with 
temperature 

(c) the electron gas density varies with 
temperature 

(d) any of the above 

31.78. The permeability and permittivity of a 
medium are 

t (a) related by the Boltzman’s constant 
(6) independent of each other 

(c) related by the velocity of electromag¬ 
netic waves 

(d) none of the above 

31.79. Magnetic recording tape is most com¬ 
monly made from 

(a) ferric oxide (6) silicon-iron 

(c) small particles of iron 

(d) any of the above 

31.80. Which of the following statements is 
correct regarding the conductivity of a 
pure semiconductor ? 


31.5 

(а) It decreases exponentially with in¬ 
creasing temperature 

(б) It increases exponentially with 
temperature 

(c) It is proportional to temperature 

(d) Any of the above 

31.81. Closely-packed structures are formed 

by elements in which the bonding is 
(a) directional (6) non-directional 

(c) hydrogen bonding 

(< d ) any of the above 

31.82. An alloy of copper and zinc is called. 

(a) bronze (6) brass 

(c) gun metal (d) Y-alloy 

31.83. The term IC is used in electronics to 
denote 

(а) industrial control 

(б) integrated circuit 

(c) either of the above 

( d) none of the above 

31.84. The amplitude of the ripple depends on 

(а) the type of the rectifier used 

(б) its frequency 

(c) the effectiveness of the filter 

(d) none of the above 

31.85. With the help of a computer we can 

(a) transmit messages to a distant place 

( b) perform mathematical calculations 
very fast 

(c) amplify very weak signals 

31.86. A device which has VI characteristics 
very close to constant current genera¬ 
tor is 

(а) Zener diode 

(б) P-N junction diode 

(c) Field effect transistor 

( d) None of the above 

31.87. The most widely used insulation material 
is 

(a) mica (6) rubber 

(c) PVC (d) cork 

31.88. We use a crystal oscillator because 

(a) it requires very low D.C. supply 
voltage 

(b) the frequency of oscillations remains 
substantially constant 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


(e) it gives high output voltage 
( d ) it is very cheap 

31.89. The transducer, used in a strain gauge 
is 

(a) an active transducer 

(b) a device that converts mechanical 
displacement into a change in resis¬ 
tance 

(c) a device that converts electrical 
voltage into mechanical displace¬ 
ment 

(d) any of the above 

31.90. In a common-emitter amplifier, the 
phase shift between input and output 
is 

(a) 60° (6) 90° 

(c) 120° (d) 180° 

31.91. Which of the following cathode materials 
gives highest emission efficiency ? 

(а) Oxide coated cathode 

(б) Tungsten 

(c) Thoriated tungsten 

(d) Any of the above 

31.92. It is advisable to use.filter for ob¬ 

taining a D.C. output with very low 
ripple content. 

(a) capacitor (6) capacitor input 

(c) choke (d) any of the above 

31.93. If one of the diodes of a bridge rectifier 
is damaged, the rectifier 

(a) operation with not be affected 

(b) will not rectify the A.C. 

(c) will operate as a half-wave rectifier 

31.94. In tunnel diode, increase of voltage 
results in 

(а) decrease of resistance 

(б) increase of power 

(c) increase of resistance 

(d) increase of current 

31.95. The best characteristic of a fuse wore 
should be 

(a) a wire of low resistance 

(b) a wire of high melting point 

(c) a wire of high resistance and a low 
melting point 

{d) any of the above 

31.96. The internal resistance of a field effect 
transistor is 


31.97. 


31.98. 


31.99. 


31.100. 


31.101. 


31.102. 


31.103. 


31.104. 


31.105. 


31.106. 


(a) very high (6) medium 

(c) low (d) zero 

Which of the following is not a dimen¬ 
sionless quantity ? 

(a) Kinematic viscosity 

(b) Specific gravity 

(c) Pressure co-efficient 

( d ) Darcy Weisbach friction factor 
The graphite rods in the nuclear pile 

(а) furnish alpha particles 

(б) convert fast moving electrons intc 
thermal neutrons 

(c) furnish neutron to fission U 235 
(dj undergo combustion which triggers 
the fission reaction 

Which of the following allotropic torms 
of iron does not have body centred cubic 
lattice ? 

(a) Alpha iron (6) Beta iron 

(c) Gamma iron (d) Delta iron 
Addition of alum increases 

(a) carbonates in water 

(b) hardness of water 

(c) H + ions in water * 

(d) acidity of water 

When ship sails in sea, the danger will 
be due to 

(a) rolling (6) pitching 

(c) skewing ( d ) any of the above 

In periodic table total number of semi¬ 

conductors are 
(a) 2 (b) 8 

(c) 13 (d) 24 

Nonferrous metals are hardened by 
(a) carbonizing (6) quenching 

(c) induction hardening 

(d) age hardening 

Highest percentage of carbon is avail¬ 
able is. 

(a) mild steel (b) high carbon steel 

(c) cast iron (d) eutectoid steel 

The path traced by smoke of a cigarette 
is 

(a) path line (b) flow line 

(c) stream line 

(d) rotational flow line 

In a laminar flow through a pipe its 
discharge varies linearly as its 
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31.7 


31.107. 


31.108. 


31.109. 


31.110. 


31.111. 


31.112. 


31.113. 


31.114. 


31.115. 


(or) viscosity (6) pressure drop 

(c) radius (d) any of the above 

Irregular variation in magnetic declina¬ 
tion is due to which of the following ? 

(а) Magnetic storms 

(б) Earthquakes 

(c) Solar influences 

(d) Any of the above 

Important factor in the choice of an 
insulating material for use in a nuclear 
power plant is 

(a) specific gravity ( b ) radiation 

(c) thermal resistance 

(d) all of the above 

The ratio of average mass of hydrogen 
atom to the mass at rest of an electron 
is 

(a) 100 (b) 234 

(c) 1437 (d) 4754 

Condensation of atmospheric vapour 

on cool surfaces is called 

(a) rain (6) fog 

(c) smoke (d) dew 

Light year is the unit of 

(a) time (6) velocity 

(c) intensity flights 

(d) astronomical distance 

Radio active materials produce which 
of the following rays ? 

{a) Alpha rays (6) Beta rays 

(c) Gamma rays (d) All of the above 

Greater banking of railroad is required 

(а) if speed of the train is high 

(б) if the curve to be negotiated is sharp 

(c) both (a) and (6) 

(d) none of the above 

In a nuclear reactor the function of a 
moderator is 

(а) to change the power level of the 
reactor 

(б) to reduce the speed of neutrons 

(c) to take out the heat of fission reac¬ 
tion from the reactor 
{d) none of the above 

Hard surfaces are in general 

(а) bad diffractors of sound 

(б) good diffractors of sound 


(c) good absorbers of sound 

(d) good reflectors of sound 

31.116. Which of the following needs relatively 
higher level of illumination in a cinema 
hall? 

(a) Stairs (b) Corridors 

(c) Backstage (d) Auditoria 

31.117. In an electric motor, magnetic noise is 
least 

(a) at no load (6) at full load 

(c) at full speed 

(d) at synchronous speed 

31.118. The sound energy for speech by a 
human being is provided by 

(а) movement of tongue surface at high 
frequency 

(б) conversion of electrical signals into 
sound wave 

(c) air from lungs forced by chest 
muscles 

(d) none of the above 

31.119.colour has the least wavelength. 

(a) Green (6) Red 

(c) Yellow (d) Blue 

31.120. Reverberation time is inversely propor¬ 
tional to which of the following ? 

(а) Room absorption 

(б) Room volume 

(c) Height of ceiling 

(d) Room surface area 

31.121. For which of the following the lowest 
illumination level is expected in a ther¬ 
mal power plant ? 

(а) Control panel 

(б) Coal unloading area 

(c) Boiler house 

(d) Turbine room 

31.122. EEG provides recording of 

(а) electrical signals 

(б) brain waves 

(c) ear sensitivity 

(d) none of the above 

31.123.is a cold cathode lamp. 

(a) Neon lamp (6) GSL lamp 

(c) Sodium lamp (d) Tube light 

31.124. Illumination level due to moon light on 

earth is nearly.lumens/m 2 . 

(a) 0.1 (6)0.3 

(c) 20 (d) 200 
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31.125. Loudness depends on 

(а) pitch of sound 

(б) frequency of sound 

(c) reverberation time 

(d) all of the above 

31.126. Electrodialysis is the process of removal 
of 

(а) suspended solids in water 

(б) soluble gases in water 

(c) dissolved solids in water 

(d) none of the above 

31.127. Most of the energy associated with 

sonic boom is in.range. 

(a) infrasonic (6) ultrasonic 

(c) low audible (d) high audible 

31.12(8. Desalination is usually needed for. 

water. 

(a) river (6) well 

(c) rain (d) sea 

31.129. Water softening plants remove which 
of the following ? 

(а) Scale forming compounds 

(б) Bacteria 

(c) Colour (d) Minerals 

31.130. In a lamp, the rate of evaporation of 
tungsten filament depends on 

(a) vapour pressure inside 
(61 glass shell diameter 

(c) exhaust tube diameter 

(d) all of the above 

31.131. Radio carbon dating is used to find the 

age of —-—- 

(a) soils (6) rocks 

(c) fossils (d) buildings 

31.132. Bauschinger effect is associated with 
which of the following ? 

(a) Hardness (6) Fatigue 

(c) Creep (d) Austempering 

31.133. In refrigeration system, presence of 

moisture affects the working of. 

(а) expansion valve 

(б) evaporator 

(c) compressor (d) condenser 

31.134. Hardness is resistance to. 

(a) machining (6) sliding 

(c) deformation (d) scratching 


31.135. 

31.136. 

31.137. 

31.138. 

31.139. 

31.140. 

31.141. 

31.142. 

31.143. 

31.144. 

31.145. 


The earth is, precisely, a 
(a) ellipsoid (6) oblate ellipsoid 

(c) spheroid (d) oblate spheroid 

.is expected to have higest percent¬ 
age of carbon 

(а) High carbon steel 

(б) Cast iron 

( c ) Carbon steel (d) Mild steel 

Non-colloidal liquids are.fluids. 

(a) ideal (6) newtonian 

(c) dilatent (d) plastic 

Concentrated solution of sugar is a. 

fluid. 

(a) ideal (6) newtonian 

(c) pseudo-plastic (d) dilatent 

. is added to steel to increase its 

corrosion resistance. 

(c) Copper (6) Tungsten 

(c) Chromium (d) Vanadium 

.colour has the largest wavelength 

in the white light. 

(a) Orange (6) Red 

(c) Green (d) Violet 

In solar spectrum the most deviated 
colour is. 

(a) orange (6) red 

(c) green (d) violet 

Two vibrating systems are said to be in 

resonance when their.are equal. 

(a) frequencies (6) temperatures 

(c) amplitudes 

(d) thermal conductivities 

At a depth of 30 km inside the earth, 
the temperature will be nearly 
(a) 25°C (6) 125°C 

(c) 300°C (d) 500°C 

The sound absorption co-efficient of a 
material varies will which of the follow¬ 
ing ? 

(а) Size of pores 

(б) Frequency of sound 

(c) Thickness of the material 

(d) All of the above 

Which of the following is an advantage 
of a condenser microphone ? 

(а) Flat linear response 

(б) High sensitivity 
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31.146. 


31.147. 


31.148. 


31.149. 


31.150. 


31.151. 


31.152. 


31.153. 


31.154. 


(c) Long term operational stability 

(d) All of the above 

Bernoulli’s equation cannot be applied 

when the flow is 

(a) unsteady (6) rotational 

(c) turbulent ( d ) all of the above 

With the decrease in dimensions of a 

microphone 

(a) the sensitivity increases 

(b) the operating temperature range 
increases 

(c) the frequency range increases 

(d) none of the above 

Inside an air conditioned auditorium 
the desirable temperature is around 
(a) 5°C (6) 8°C 

(c) 12°C (d) 20°C 

Waves of sound travel in a media con¬ 
taining 

(a) mass (6) elasticity 

(c) mass and elasticity 

(d) none of the above 

The noise absorption capacity of a glass 
wool pad. when soaked in oil, will 
(a) decrease (6) increase slightly 

(c) increase considerably 

(d) not change 

Zeolite is. 

(a) silicon carbide (b) hydrated silica 

(c) hydrated alumino silicate 

(d) a naturally occuring salt 
Low grade fuels have low 

(a) calorific value 

( b ) moisture content 

(c) carbon content 

(d) ash content 

.gives monochromatic light. 

(a) Mercury vapour lamp 

(b) Sodium vapour lamp 

(c) Tube light 

(d) Any of the above 

To check the growth of algae in reser¬ 
voirs which of the following chemicals 
is used ? 

(a) Brine (b) Alum 

(c) Copper sulphate 

(d) Bleaching powder 


31.155. 

31.156. 


31.157. 


31.158. 


31.159. 

31.160. 

31.161. 

31.162. 

31.163. 


.is not a unit of wavelength. 

(a) Angstorm (6) Micron 

(c) Megahertz (d) Nano meter 

Due to which of the following reasons 
the digital computers are more widely 
used as compared to analog computers ? 

(а) They are easier to maintain 

(б) They are less expensive 

(c) They are always more accurate and 
faster 

(d) They are useful over wider ranges 
of problem types 

A surge wave is an example of which of 
the following flows ? 

(а) Steady non-uniform flow 

(б) Unsteady non-uniform flow 

(c) Steady uniform flow 

(d) Unsteady uniform flow 

On which of the following factors the 
lift of a balloon does not depend ? 

(а) Relative humidity of air 

(б) Temperature of air 

(c) Heating of gas in balloon by solar 
rays 

(d) Atmospheric pressure 

In materials, the residual stress 

(a) is a always beneficial 

(b) acts when external load in applied 

(e) becomes zero when external load is 
applied 

(d) is independent of external loads 
Which of the following is not a transi¬ 
tion element ? 

(a) Platinum (b) Zinc 

(c) Gold (d) Copper 

.phosphorous is used as a rat poison. 

(a) White (b) Red 

(c) Black ( d ) Violet 

In which of the following Van Alten 
Radiation Belts exist ? 

(a) Homosphere (b) Troposphere 

(c) Exosphere (< d ) Stratosphere 

Radioactive changes are characterised 
by which of the following ? 

(a) Loud noise 

(b) Pressure increase 

(c) Constant ratio of integration 

(d) Temperature drop 
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31.164. 


31.165. 

31.166. 

31.167. 


31.168. 

31.169. 

31.170. 

31.171. 

31.172. 

31.173. 


31.174. 


Which of the following is a visco-elastic 
material ? 

(a) Wood ( b ) Nylon 

(c) Rubber ( d ) Silica 

.acid is used for etching of glass. 

ta) Nitric (6) Hydrochloric 

(c) Hydrofluoric (d.) Hydrobromic 
At very high pressure a real gas, as 
compared to an ideal gas, occupies 

(a) same volume (6) less volume 

(c) more volume 

(d) any of the above 

Metals attain super conducting proper¬ 
ties below the temperature of 

(a) 150°C (6) 100°C 

(c) 50 K (d) 10 K 

Due to which of the following properties 
powder clings to skin ? 

(а) Pressure difference 

(б) Cohesion 

(c) Adhesion (d) Surface tension 

1 m 3 of air weighs around 
(a) 0.01 kg (6) 0.1 kg 

(c) 0.5 kg (d) 1.3 kg 

Specific.has no dimensions. 

(a) gravity ( b ) weight 

(c) heat (d) humidity 

.have the lowest wavelength. 

(a) Ultrasonic waves 

(b) Radio waves 

(c) Ultraviolet rays 

(d) X-rays 

Which of the following methods of 
electron emission is utilised by vacuum 
tubes ? 

(a) Electrical field ( b ) Magnetic field 
(c) Thermionic (d) Secondary 

In the amplifiers, transistor inter-junc¬ 
tion capacitance causes which of the 
following ? 

(a) Phase shift 

(b) Harmonic distortion 

(c) Noise 

(d) Parasitic oscillation 

.is a frequency sensitive component. 

(a) Electronic valve 

(b) Inductor 

(c) Transistor (d) Diode 


31.175. 

31.176. 

31.177. 

31.178. 

31.179. 

31.180. 

31.181. 

31.182. 

31.183. 

31.184. 


Boltmeter is used for the measurement 
of.power. 

(a) electric (b) microwave 

(c) r.f. (d) audio 

In a solid the direction of movement of 
molecules is 

(a) cyclic (6) circular 

(c) helical 

(d) back and forth like tiny pendulums 
Which of the following liquids is con¬ 
tained in an Aneroid barometer ? 

(a) Alcohol (b) Mercury 

(c) Water (d) No liquid 

It is easier to swim in sea water than in 
pool because 

(а) sea water has more density than 
tap water 

(б) of higher depth 

(c) of waves in sea 

(d) waves carry man on shore 

The number of degrees of freedom for 

monoatomic gas is 

(a) 1 ( b ) 2 

(c) 3 (d) 4 

What will happen if a watch working 

on an oscillating spring is taken to 

moon ? 

(а) It will run fast 

(б) It will slow down 

(c) It will give same time 

(d) It will stop working 

Sea water as compared to distilled water 

will boil at.temperature 

(a) lower {b) higher 

(c) same 

(d) higher/lower depending on pH value 

In a uniform electric field, the path of 
an electron is. 

(a) parabolic (6) helical 

(c) circular (d) elliptical 

Natural rubber is polymer of 
(a) ethylene (6) isopropene 

(c) isobutane (d) propane 

The product of pressure and volume of 
a fixed volume of gas is constant, is 
known as 

(a) Avogadro's law (6) Charle’s law 
(c) Dalton’s law {d' none of the abov 


Downloaded From : www.EasyEngineering.net 








Downloaded From : www.EasyEngineering.net 


general awareness 


31.11 


31.185. In order to double the period of oscilla¬ 
tion of. a pendulum, its length should be 

(a) halved (6) quadrupled 

(c) doubled 

(d) none of the above 

31.186.has minimum power consumption. 

(a) Liquid crystal display 

(b) Light emitting diode 
. (c) Fluorescent tube 

(d) All of the above 

31.187. Which of the following frequency ran¬ 
ges is occupied by the telephone chan¬ 
nels ? 

(a) 0-200 Hz (b) 0-4000 Hz 

(c) 4000-10000 Hz 

(d) N one of the above 

31.188. A floating battery is one 

{a) in which battery voltage is equal to 
charger voltage 

( b ) which is feeding load 

(c) which is getting charged 

(d) which gets charged and discharged 
simultaneously 

31.189. Due to which of the following reasons a 
transformer is not used in the D.C. line ? 

(a) D.C. transformers are costly 

(b) Faraday’s law is not valid as the 
rate of change of flux is zero 

(c) There is no need to step up the D.C. 
voltage 

( d ) Losses in D.C. circuit are high 

31.190. What will happen if A.C. is fed by mis¬ 
take to a D.C. motor ? 

(а) The motor will run at its normal 
speed 

(б) The motor will run at a lower speed 

(c) The efficiency will be very poor 

(d) The motor will burn as the eddy 
currents in the field produce heat 

31.191. A step-up transformer increases which 
of the following parameters ? 

(a) Power , (6) Frequency 

(c) Current (d) Voltage 


31.192. 


31.193. 

31.194. 

31.195. 

31.196. 

31.197. 

31.198. 

31.199. 

31.200. 


In D.C. circuits large currents can be 
measured with 

(a) micro ammeter 

( b ) shunt and millivoltmeter 

(c) current transformer and voltmeter 

(d) potential transformer and inilli- 
voltmeter 

The property of steel that makes it 
suitable for use in cable is its strength 
in 

(a) tension (6) compression 

(c) shear (d) bending 

Toughness of a material can be measured 
with the help of 

(а) scratch test 

(б) standard spiral tests 

(c) universal testing machine 

(d) notched-bar tests 

Rotameter is used for measuring 
(a) pressure (6) velocity 

(c) density (d) flow 

Otto cycle used in petrol engines is also 
known as 

(а) constant volume cycle 

(б) constant pressure cycle 

(c) constant heat cycle 

(d) dual cycle 
Bar is the unit of 

(a) viscosity (b) power 

(c) pressure (d) energy 

Which of the following is the most usual 
cause of excessive type wear ? 

(а) Rough roads 

(б) Excessive speed of vehicle 

Xc) Less air pressure inside the tyre 

(d) Improper braking system 

Which of the following thermo dynamic 
cycles is the most efficient ? 

(a) Rankive (6) Diesel 

(c) Carnot (d) Otto 

The specific gravity of liquids is usually 

measured by means of 

C a ) piezometer (6) hydrometer 

(c) thermometer (d) hygrometer 
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ANSWERS 

General Awareness and Miscellaneous 
Multiple-Choice Questions 


Choose the Correct Answer : 


31.1. (b) 

31.2. (a) 

31.3. (6) 

31.4. (6) 

31.5. (e) 

31.6. (c) 

31.7. (c) 

31.8. (d) 

31.9. (c) 

31.10. (a) 

31.11. (a) 

31.12. (a) 

$1.13. (d) 

31.14. (c) 

31.15. (b) 

31.16. (a) 

31.17. (d) 

31.18. (a) 

31.19. (c) 

31.20. (6) 

31.21. (b) 

31.22. (a) 

31.23. (d) 

31.24. (a) 

31.25. (a) 

31.26. (d) 

31.27. (a) 

31.28. (a) 

31.29. (d) 

31.30. (d) 

31.31. (d) 

31.32. (c) 

31.33. (6) 

31.34. (c) 

31.35. (c) 

31.36. (c) 

31.37. (c) 

31.38. (a) 

31.39. (6) 

31.40. (a) 

31.41. (d) 

31.42. (c) 

31.43. (d) 

31.44. (6) 

31.45. (6) 

31.46. (b) 

31.47.(6) 

31.48. (6) 

31.49. (d) 

31.50. (a) 

31.51. (d) 

31.52. (6) 

31.53. (6) 

31.54. (6) 

31.55. (oO 

31.56. (6) 

31.57. (c) 

31.58. (c) 

31.59. (6) 

31.60. (c) 

31.61. (b) 

31.62. (d) 

31.63. (c) 

31.64. (d) 

31.65. (6) 

31.66. (d) 

31.67. (d) 

31.68. (a) 

31.69. (a) 

31.70. (6) 

31.71. (d) 

31.72. (a) 

31.73. (d) 

31.74. (c) 

31.75. (.d) 

31.76. (a) 

31.77. (a) 

31.78. (c) 

31.79. (a) 

31.80. (6) 

31.81. (a) 

31.82. (6) 

31.83. (6) 

31.84. (c) 

31.85. (6) 

31.86. (c) 

31.87. (e) 

31.88. (6) 

31.89. (6) 

31.90. (d) 

31.91. (a) 

31.92. (6) 

31.93. (c) 

31.94. (a) 

31.95. (c) 

31.96. (a) 

31.97. (a) 

31.98. (6) 

31.99. (c) 

31.100. (d) 

31.101. ( b ) 

31.102. (c) 

31.103. (d) 

31.104. (c) 

31.105. (a) 

31.106. (a) 

31.107. (d) 

31.108. (6) 

31.109. (6) 

31.110. (d) 

31.111. (d) 

31.112 .(d) 

31.113. (c) 

31.114. (6) 

31.115. (of) 

31.116. (a) 

31.117. (a) 

31.118. (c) 

31.119. (d) 

31.120. (a) 

31.121. (fe) 

31.122. (6) 

31.123. (a) 

31.124. (6) 

31.125. (6) 

31.126. (L) 

31.127. (a) 

31.128. (d) 

31.129. (a) 

31.130. (a) 

31.131. (c) 

31.132. (6) 

31.133. (a) 

31.134. (d) 

31.135. (d) 

31.136. (b) 

31.137. (c) 

31.138. (d) 

31.139. (c) 

31.140. (6) 

31.141. (d) 

31.142. (a) 

31.143. (d) 

31.144. (d) 

31.145. (d) 

31.146. (rf) 

31.147. (c) 

31.148. (d) 

31.149. (c) 

31.150. (a) 

31.151. (c) 

31.152. (a) 

31.153. (6) 

31.154. {d) 

31.155. (c) 

31.156. (d) 

31.157.(6) 

31.158. (a) 

31.159. (d) 

31.160. (6) 

31.161. (a) 

31.162. (c) 

31.163. (c) 

31.164. (c) 

31.165. (c) 

31.166. (6) 

31.167. {d) 

301.68. (c) 

31.169. (d) 

31.170. (a) 

31.171. (6) 

31.172. (c) 

31.172. (d) 

31.174. (6) 

31.175. (6) 

31.176. (d) 

31.177. (d) 

31.178. (a) 

31.179. (c) 

31.180. (c) 

31.181. (6) 

31.182. (6) 

31.183. (c) 

31.184. (d) 

31.185. (6) 

31.186. (a) 

31.187. (6) 

31.188. (a) 

31.189. (6) 

31.190. (d) 

31.191. (d) 

31.192. (6) 

31.193. (a) 

31.194. (c) 

31.195. (d) 

31.196. (a) 

31.197. (c) 

31.198. (c) 

31.199. (c) 

31.200. (6) 


□ □ 
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Questions (With Answers) 


OBJECTIVE TYPE QUESTIONS 


32.1. An 7i-channel JFET has pinch off voltage 
V = -4 volts. Given V,, = — 1 V, the mini- 
mum V |)S for the device to operate in the 
pinch-off region will be 

(a) +1V (6) + 3 V 

(c) + 4 V (a!) +5V 

32.2. A standard cell of 1.085 volts used with a 
simple potentiometer balances at 50 cm. 
The percentage error in the voltmeter 
which balances at 60 cm when reading 
1.2 V is 

(a) 1.8% low ( b ) 3.6% low 

(c) 1.8% high (d) 3.6% high 

32.3. Which one of the following is true of a 
bipolar transistor ? 

(a) Both base and emitter are heavily 
doped 

(i b ) Collectors is lightly doped and the 
emitter is heavily doped 

(c) The collector is heavily doped and 
emitter is lightly doped 

(d) Both the collector and emitter are 
heavily doped 

32.4. If [x c = electron mobility, ji /t = hole mobil¬ 
ity, n h = hole density, 7i g =electron density, 
then the measurement of the Hall coeffi¬ 
cient of a semiconductor with two types 
of charge carriers would give the value of 
Hall coefficient as positive if 

(a) |yi<&) > V-e n l 


(c) ]i\n h > \i 2 e n e 

32.5. List 1 

(Motors) 

A. Permanent 

magnet dc motor 


(d) \i 2 h n 2 h > \i 2 e n 2 e 

List II 

(Applications) 

1. Cassette tape 
recorder 

32.1 


B. Stepper motor 2. Ceiling fan 

C. Single phase 3. Hand drill 
induction motor 

D. Universal motor 4. Digital control 

Codes : A B C D 

(a) 1 4 2 3 

(b) 1 3 2 4 

(c) 4 13 2 

(d) 12 4 3 


32.6. 5. A parallel plate capacitor with air di¬ 
electric is connected to a constant volt¬ 
age source. The force between its plates 
is F. If the capacitor is immersed in a 
liquid of dielectric constant e without dis¬ 
connecting it from the power supply, then 
the force between the plates would be 

(a) e 2 F ( b) eF 

(c) F (d) F/e 

32.7. Which one of the following specifications 
is not correct for a common collector am¬ 
plifier? 

(а) High input impedance 

(б) Low output impedance 

(c) High voltage gain 

( d) High current gain 

32.8. Two equal resistances, each of 100 Q ±1% 
(standard deviation) are connected in par¬ 
allel. The standard deviation of the par¬ 
allel combination will be 


1 

(a) 0.5% (< b ) 

(c) ^2% M) 2% 


32.9. With increasing temperature, the resis¬ 
tivity, of an intrinsic semiconductor de- 
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creases. This is because with the increase 
of temperature. 

(a) both the carrier concentration and 
mobility of carriers decrease 

(d) the carrier concentration increases 
but the mobility of carriers de- 
creases 

(c) the carrier concentration decre-ases 
but the mobility of carriers in¬ 
creases 

(d) the carrier concentration remains 
the same but the mobility of carri¬ 
ers decreases 

32.10. Consider the following single-phase mo¬ 
tors. 

I. Capacitor start motor 

II. Capacitor start and run motor 

III. Permanent split capacitor motor 

IV. Shaded pole motor 

The correct sequence of the increasing 

order of their cost is 


(a) IV, 111,11,1 (b) IV, III, I, II 

(c) III, IV, II, I (d) III, IV, I, II 

32.11. List 1 List 2 

(CRO type) (Characteristic) 

A. High frequency 1. Servo-system 

CRO analysis 

B. Sampling CRO 2. Long term 

memory 

C. Low frequency 3. Pulse testing 
CRO 


32.12. 


32.13. 


D. Storage CRO 

4. Time domain 
reflectrometry 

Codes: A 

B 

C 

D 

(a) 1 

2 

3 

4 

(1 b ) 2 

3 

4 

1 

(c) 3 

4 

1 

2 

(d) 4 

1 

2 

3 


A square wave with a period of 10 ps 
drives a T flip-flop. The period of the 
output signal will be 
(o) 100 ps ( b ) 20 ps 

(c) 10 ps (d) 5 ps 

List 1 List 2 

(Type of electronic (Important 
voltmeter) characteristics) 

A. Amplifier 1. Wide input signal, 
rectifier dynamic range) 


B. Rectifier 2. High sensitivity, 

amplifier limited bandwidth 

C. True RMS 3. Limited sensi¬ 

tivity, large band 
width 

D. Logarithmic 4. Capability to read 

non-sinusoidal ac. 


Codes : A 

(a) 1 

(b) 2 

(c) 3 

(d) 4 


B 

2 

3 

4 

1 


C 

3 

4 
1 
2 


D 

4 

1 

2 

3 


32.14. In a CMOS inverter, 

(a) one transistor is N channel deple¬ 
tion type and the other is P chan¬ 
nel enhancement type 
(i b) one transistor is N channel deple¬ 
tion type and the other is N chan¬ 
nel enhancement type 

(c) one transistor is N channel en¬ 
hancement type and the other is P 
channel enhancement type 

(d) one transistor is N channel en¬ 
hancement type and the other is 
also N channel enhancement type 

32.15. Which of the following instruments are 
useful in measuring the signal levels of 
individual harmonics in an unknown 
waveform ? 

1 Distortion analyzer 

2 Wave analyzer 

3 Spectrum analyzer 

Select the correct answer using the 
codes given below : 

Codes: 

(a) 1 and 2 ( b ) 2 and 3 

(c) 1 and 3 (d) 1,2 and 3 

32.16. The current through the battery when 
the bridge shown in the Fig 32.1 is bal¬ 
anced will be 



(a) 

(c) 


zero 
132 mA 


(&) 

id) 


110 mA 
154 mA 
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32.17. Given 4> lm , <)> 2fn =the fluxes produced by 
the two portions of the shaded pole, 

0 = the angle between <(> lm and <(> 2m , 

R = resistance of the disc, the torque 
developed in an induction rela^ would 
be proportional to which of the follow¬ 
ing ? 

(!) <t>i m and 4» 2m (2) l/R 

(3) R (4) sin 0 

Select the correct answer using the 

codes given below 

Codes : 

<a) 1, 2 and 4 (ft) 1, 3 and 4 
(c) 1 and 2 (d) 2 and 4 

32.18. V k 5 4V v « = 4V 



The Fig 32.2 shows a DTL circuit. The 
output Y will be low (logical zero) when 
the inputs A and B are 
(o) both low 

(ft) low and high respectively 

(c) high and low respectively 

(d) both high 

32.19. List 1 List 2 


(Parameters to (Instrument to be 
be measured) used) 

A. Average value 1. Self balancing 



of current 

bridge 

B 

RMS value of 
current 

2. Wien's bridge 

C. 

Frequency of 
a wave 

3. PMMC ammeter 

D. 

Strain gauge 

4. Moving iron 


resistance 

ammeter 

Codes : A B 

C D 

(a) 

3 4 

1 2 

(b) 

4 3 

1 2 

(c) 

4 3 

2 1 

(d) 

3 4 

2 1 


32.3 

32.20. Which of the following statements re¬ 
garding corona is true ? 

1. It causes radio interference 

2. It attenuates lightning surges 

3. It amplifies switching surges 

4. It causes power loss 

5. It is more prevalent in the middle 
conductor of a transmission line 
employing a flat conductor config¬ 
uration. 

Select the correct answer using the 
codes given: 

Codes: 

(a) 1,3,5 (ft) 2,3,4 

(c) 1, 2, 4, 5 (d) 2, 3, 4, 5 

32.21. Which of the following are the impor¬ 
tant limitations of rod gap surge ar¬ 
resters ? 

1. They are not capable of sealing off 
power frequency follow up current 

2. After a discharge, the rods are de¬ 
stroyed Completely 

3. Performance is affected by climatic 
conditions. 

Use the following codes for selecting the 
correct answers. 

Codes: 

(a) 1, 2 and 3' (ft) 1 and 2 
(c) 2 and 3 (d) 1 and 3 

32.22. Given that D = rotor diameter and L = 
axial length, a high performance ac ser¬ 
vomotor is characterized by 

(a) large D,large L 
(ft) large D, small L 

(c) small D, small L 

(d) small D, large L 

32.23. List I List 2 

(Bridge circuit) (Parameter 

measured) * 

A. Hay's bridge 1. Low resistance 

B. Kelvin's 2. Medium 

double bridge resistance 

C. Schering 3. High Q 

bridge inductance 

D. Wheatstone 4. Capacitance 

bridge 

Codes: A B C D 

(a) 4 13 2 

(ft) 4 2 3 1 
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(c) 

(d) 

32.24. List 1 


2 

1 


4 

4 


1 

2 


T 


T 




N 


1 . 

• 2 . 

3. 

4. 


Fig. 32,3 

List 2 
Ideal diode 
Zener diode 
p-n junction diode 
Tunnel diode 
Codes: A 


32.25. 


(a) 3 

(b) 2 

(c) 1 

(d) 3 

List 1 

A. Mho relay 

B. Plain impedance relay 

C. Directional relay 

D. Angle impedance relay 
List 2 



32.26. 


Codes : 

(a) 

(b) 

(c) 

id) 


Fig. 32. 4 

B 
3 
1 
2 
2 


A 

4 

4 

3 

3 


C 

2 

2 

1 

4 


D 

2 

3 

4 
4 


D 

1 

3 

4 
1 


32.27. 


32.28. 


3.. The storage of data is volatile 
Of these statements 

(a) 1, 2 and 3 are correct 

( b ) 1 and 2 are correct 

(c) 2 and 3 are correct 

(d) 1 and 3 are correct 

A fluctuating voltage supply is detri¬ 
mental to a refrigerator motor but not 
to a ceiling fan, although both are single 
phase induction motors because, the re¬ 
frigerator motor 

(a) is made more robust than the fan 
motor 

is subjected to short duty cycle but 
the fan motor is subjected to con¬ 
tinuous duty 

is enclosed in sealed unit while the 
fan motor is open to the environment 
load is constant, but the fan motor 
load is voltage dependent 
A bridge circuit for frequency meas¬ 
urement is shown in the Fig 32.5 


(b) 


<c) 

(d) 



The condition for balance and frequency, 
/ are respectively given by 

(a) R, = 2R 2 ;/= 4jtRC 

(b) R, = 2R 2 ;/= 27[RC 

(c) R ‘ = R ’ :/= d^c 

JfJ) R, = R 2 ;/= 2j[RC 

32.29.The truth table for an half adder is 

(a) 


Consider the following statements re¬ 
garding magnetic tape recorders: 

1. They have a wide frequency range 

2. They have a low distortion 


A 

B 

s 

c 

0 

0 

0 

0 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 
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32.5 



32.30. List 1 

A. Ohm 

B. Henry 

C. Farad 


List 2 

1. DM'TI 2 

2. L 2 MT' 2 P 

3. L 2 MT :i E 2 

4. LWI 


Codes : A B C 

(a) 1 2 3 

(b) 2 3 4 

(c) 3 4 2 

(d) 3 2 1 

32.31. In an R-C phase shift oscillator, the 

minimum number of R-C networks to 

be connected in cascade will be 

(a) one 

( b ) two 

(c) three 

(d) four 

32.32. Which of the following statements is 

correct ? 

1. Nuclear fission occurs whenever a 
uranium nucleus reacts with a neu¬ 
tron 

2. Nuclear fission is accompanied by 
the release of neutrons and gamma 
rays 

3. About 200 MeV of energy is re¬ 
leased in the fission of a uranium 
nucleus 

4. Energy from the fission of ura¬ 
nium nucleus is released mainly as 


the kinetic energy of the neutrons 
and the energy of gamma radiations 
Select the correct answer using the 
codes given below: 

Codes: 

(a) 1,2,3 and 4 

(b) 2 and 3 

(c) 2, 3 and 4 

(d) 1 and 4 

32.33. The specification for a standard 74 se¬ 
ries TTL gate reads propagation delay 
as 35 ns and power dissipation as 1 
msW. This circuit is 

(a) high speed TTL 

(b) low speed TTL 

(c) standard Schottky TTL 
(i d ) low power Schottky TTL 

32.34. When deriving the transfer function of 
a linear element 

(a) both initial conditions and loading 
are taken into account 

(b) initial conditions are taken into ac¬ 
count, but the element is assumed 
to be not loaded 

(c) initial conditions are assumed to be 
zero, but loading is taken into ac¬ 
count 

(d) initial conditions are assumed to be 
zero and the element is assumed 
to be not loaded 

32.35. The current and potential coils of a 
wattmeter were accidentally inter¬ 
changed while connecting. After ener¬ 
gising the circuit, it was observed that 
the watt-meter did not show the read¬ 
ing. This could be due to 

(a) damage due to the potential coil 

( b ) damage due to the current coil 

(c) damage to both potential and cur¬ 
rent coils 

(d) loose contact 

32.36. The electrical conductivity of metals is 
typically of the order of (in ohm^m 1 ) 

\ (a) 10 7 

10< 

(c) 10 5 

(d) 10“ 
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32.37. The switching function of an Exclusive 
—OR gate is given by f(x v x.,)= x x + x 2 
where f(x v x. f ) is equal to 

(a) + x 2 ( b ) x, + x 2 

(( c ) x x x 2 +x { + x 2 (d) x { x 2 +X\X 2 

32.38. In a control system, the use of nega¬ 
tive feedback 

(a) eliminates the chances of insta¬ 
bility 

(b) increase the reliability 

(c) reduces the effects of disturbance 
and noise signals in the forward 
path 

(d) increases the influence of vari¬ 
ations of component parameters on 
the system performance 

32.39. Consider the following statements re¬ 
garding measurement of power in single 
phase ac circuits : 

It is possible to measure power with¬ 
out using a wattmeter by 

1. using one voltmeter and one am¬ 
meter 

2. using two voltmeters and two am¬ 
meters. 

3. using three voltmeters. 

4. using three ammeters 
Of these statements 

(a) 1 and 2 are correct 

(b) 2 and 3 are correct 

(c) 3 and 4 are correct 

(d) 1 and 4 are correct 

32.40. A 35 V dc supply is connected across a 

resistance of 600 Q. in series with an 
unknown resistance R. A voltmeter hav¬ 
ing a resistance of 1.2 kQ is connected 
across the 600 £2 resistance and reads 
5 V. The value of resistance R will be 
(a) 120 Q (b) 500 Q. 

(c) 1.7 kQ (d) 2.4 kO 

32.41. Corona loss can be reduced by the use 
of hollow conductors because 

(a) the current density is reduced 

(b) the eddy current in the conductor 
is eliminated 

(c) for a given cross-section, the radius 
of the conductor is increased 

(d) of better ventilation in the conductor 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


List 1 


List 2 

(Band gap in 

eV) 

(Material) 

A. 0.67 


1. GaAs 

B. 1.1 


2. In As 

C. 1.4 


3. Si 

D. 2.4 


4. Germanium 



5. Cadmium 



sulphide 

Codes: A 

B 

C D 

(a) 3 

4 

5 2 

(6) 4 

3 

1 5 

(c) 3 

4 

2 1 

(d) 2 

1 

3 4 


32.43. If the effect of earth is taken into ac¬ 
count, then the capacitance of line to 
ground 

(a) decreases ( b ) increases 

(i c ) remains unaltered 
(d) becomes infinite 

32.44. An amplifier has an open-loop gain of 
1000, lower 3 dR cut-off frequency of 
100 Hz and upper 3 dB cut-off frequency 
of 1 MHz. If a negative feedback cf 60 
dB is provided to this amplifier, the 
lower 3 dB and upper 3 dB cut off fre¬ 
quencies with feedback will be respec¬ 
tively 

(a) 33 Hz and 1 MHz 

(b) 50 Hz and 1 MHz 

(c) 50 Hz and 2 MHz 

(d) 33 Hz and 2 MHz 

32.45. The function of input attenuators in 
measuring instruments like VTVM, 
CRO etc is to. 

(a) increase the input impedance 

( b ) attenuate the frequency range 

(c) attenuate the input signal ampli¬ 
tude without altering the frequency 
contents 

(d) attenuate the input impedance 

32.46. In a dc machine “contraction co-effi- 
cient” is used to take into account the 
reduction of 

(a) air-gap area due to armature slots 

(b) iron losses in the teeth due to lower 
tooth density 

(c) amature mmf due to armature slots 

(d) torque due to ventilating ducts 
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32.7 


32.47. A 66 kV system has string insulator 
having five discs and the earth to disc 
capacitance ratio of 0.10. The string effi¬ 
ciency will be 

(a) 89% (b) 75% 

(c) 67% (d) 55% 

32.48. Which one of the following parameters 
is used for distinguishing between a 
small signal and a large-signal ampli¬ 
fier ? 

(a) Voltage gain 

( b ) Frequency response 

(c) Harmonic distortion 

(d) Input/output impedance 

32.49. If two meters X and Y require 40 mA 
and 50 mA respectively, to give full 
scale deflection, then 

(a) X is more sensitive 

(b) Y is more sensitive 

(c) both X and Y are equally sensitive. 

( d ) it would not be possible to assess 
the sensitivity on the basis of the 
given data 

32.50. One of the control springs of a perma¬ 
nent magnet moving coil ammeter is 
broken. If connected in a circuit, the 
meter would read 

(a) zero 

(b) half the correct value of the cur¬ 
rent 

(c) twice the correct value of the cur¬ 
rent 

(i d) an idefinite figure 

32.51. A line voltage regulator is to be used in 
a single phase 200 V, 5 kVA system to 
keep the voltage constant for voltage 
variations within ±10% 

The rating (in kVA) of the voltage regu¬ 
lator is 

(a) 0.05 (6) 0.5 

(c) 5 (d) 50 

32.52. The “specific speed” of a water turbine 
is the speed at which the turbine de¬ 
velops 

(a) maximum horse power 

(b) unit horse power at all heads 

(c) unit horse power at unit head 

(d) minimum horse power 


32.53. A 100 km transmission line is designed 
for a nominal voltage of 132 kV and 
consists of one conductor per phase. The 
line reactance is 0.726 £2/km. The static 
transmission capacity of the line, in 
Mega watts, would be 

(a) 132 (b) 240 

(c) 416 (d) 720 

32.54. A thyrite type lightning arrester 

(a) blocks the surge voltage appearing 
in a line 

(b) absorbs the surge voltage appea¬ 
ring in a line 

(c) offers a low resistance path to the 
surge appearing in a line 

(d) returns the surge back to the source 

32.55. It P be the iron loss and P c be the cop¬ 
per loss on full load, then which of the 
following conditions has to be satisfied 
to obtain maximum efficiency at 3/4 full 
load ? 


u± 

4 

(1 b ) 

4 p. 

Pc=~ 
c 3 

16 P, 

9 

(d) 

9 p. 

P c = — 
c 16 


32.56. Three single phase transformers, each 
of 100 kVA rating, are connected in a 
closed delta arrangement. If one of them 
is taken out, it would be possible to 
load the bank in such a manner that 
each one is loaded to the extent of 

(a) 86.6 kVA (i b ) 66.7 kVA 

(c) 57.7 kVA (d) 33.33 kVA 

32.57. 



The power-slip characteristics of a 3- 
phase induction machine, shown in the 
(Fig. 32.6), has three regions of operation. 
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A— Braking region 

B—Motor region 

C— Generator region 

Which of these are correctly represented 

in the given figure ? 

(a) A and B ( b ) B and C 

(c) A and C (d) A, B and C 

32.58. A series RL circuit with R = 100 ohm; 

L =± 50 H, is supplied to a dc source of 
100 V. The time taken for the current 
to rise 70% of its steady state value is 

(a) 0.3 s (i b ) 0.6 s 

(c) 2.4 s 

(d) 70% of time required to reach 
steady state 

32.59. The armature winding of a 2-pole 3- 
phase alternator for each phase is dis¬ 
tributed in a number of slots per phase. 
The rms value of the voltage per phase 
is less than the rms value of the volt¬ 
age per coil multiplied by the number 
of coils in series because the 

(а) rms value of the voltage in differ¬ 
ent coils of the phase is different 

(б) equal rms voltages in different coils 
of the phase has mutual phase dif¬ 
ference 

(c) maximum values of the induced 
voltages in different coils of the 
phase are different 

(d) different coils of the phase pass 
through different saturated regions 
of the magnetic circuit 

32.60. A dc shunt generator having a shunt 
field of 50 .Q was generating normally 
at 1000 rpm. The critical resistance of 
the machine was 80 L2. Due to some 
reasons, the speed of the prime-mover 
became such that the generator just 
failed to generate. The speed at that 
time must have been 

(a) 1600 rpm ( b ) 800 rpm 
(c) 625 rpm (d) 500 rpm 

32.61. If the armature current in a dc ma¬ 

chine is increased to double its previ¬ 
ous value and the time of commutation 
is halved, then the reactance voltage 
will - 

(a) be halved 


( b ) remain the same 

(c) be doubled 

(d) become four times 


32.62. 


A. 


100V 


T 


Fig. 32.7. 

In the network shown in the Fig. 32.7, 
C = 5 pF and R = 2 MQ, The potential 
at P, at the instant of closing the switch 
S and 10 seconds after closing S will 
respectively be 

(a) 0 V and 63.2 V 

(b) 100 V and 63.2 V 

(c) 0 V and 36.8 V 

(d) 100 V and 36.8 V 

36.63. A coil with a certain number of turns 
has a specified time^constant. If the 
number of turns is doubled, its time 
constant would 

(а) remain unaffected 

(б) become doubled 

(c) become four fold 

(d) get halved 

32.64. The steady-state current in the R-C se¬ 
ries circuit, on the application of step 
voltage of magnitude E will be 

(a) zero 
E 

(c) —e CR 

v ' R 

32.65. List 1 

(Time functions) (Laplace transforms) 


A. 1 

1. 

1/s 

B. t 

2. 

1/s 2 

C. sin to t 

3. 

s/(s 2 + CD 2 ) 

D. cos co t 

4. 

a)/(s 2 + co 2 ) 

Codes: A 

B 

C D 

(a) 1 

2 

3 4 

(b) 2 

1 

3 4 

(c) 1 

2 

4 3 

(d> 2 

1 

4 3 


32.66i A synchronous machine connected to a 
power system grid bus-bar is operating 
as a generator. To make the machine 


(I b) E/R 



List 2 
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operate as a motor, the 

(a) direction of rotation is to be re¬ 
versed 

(b) phase-sequence is to be changed 

(c) field excitation is to be decreased " 

(d) mechanical input is to be less than 
the losses at the shaft 

32.67. Cascade method of speed control in¬ 
volves the use of two coupled induction 
motors. The necessary conditions for 
speed control is that 

(a) both the motors are of the wound 
rotor type having the same num¬ 
ber of poles 

(i b ) both the motors are of the squirrel 
cage rotor type having different 
number of poles 

(c) one motor is of the slip-ring type 
but both the motors have the same 
number of poles 

(i d) one motor is of the slip-ring, type 
and the two motors have different 
number of poles 

32.68. An induction motor has rotor resistance 

R r , stand-still rotor induced voltage E ss , 
and stator to rotor effective turn-ratio 
of m. In an equivalent circuit of this 
machine, the rotor circuit resistance is 
shown as m 2 R r /S, where S is the slip. 
This implies that the value of the 
equivalent rotor circuit voltage will be 
(a) E„ ( b) SE ss 

(c) m E ss (d) m S E ss 

32.69. An induction motor has a rotor resis¬ 
tance of 0.002 ohm/phase. If the resis¬ 
tance is increased to 0.004 ohm/phase 
then the maximum torque will 

(a) reduce to half 

(b) increase by 100% 

(c) increase by 200% 

(d) remain unaltered 

32.70. A 5 kVA transformer has a turn ratio 
of (N/N 2 )=10. The impedance of the pri¬ 
mary winding is 3 + jb ohms while that 
of secondary winding is 0.5 + j0.8 ohms. 
The impedance of the transformer when 
referred to the primary will be 

(a) 3.5 + j 5.8 ohms 


(b) 8.0 + j 13.0 ohms 

(c) 53.0 + j 85 ohms 

(d) 3.05 + j 5.08 ohms 

32.71. The power factor for a circuit is of the 
order of 

(a) 0.3 ( b ) 0.45 

(c) 0.6 (d) 0.9 

32.72. The four methods of calculation of volt¬ 
age regulation of a 3-phase alternator 
a^re 

1. EMF method 

2. Saturate^ synchronous rectance 
method 

3. New ASA method 

4. MMF method 

The correct sequence of the ascending 
order of the values of regulation ob¬ 
tained by these methods is 
(a) 3, 4, 2, 1 (b) 4 , 3, 1, 2 

(c) 3, 4, 1, 2 (d) 4, 3, 2, 1 

32.73. 




Fig. 32.8. 


32.74. 


In the circuit shown in the Fig. 32.8, 
the switch S is closed at t = 0. 

The value of current at t = 0 + will be 

(a) zero ( b ) - 1A 

(c) + 1A (d) indeterminate 



Fig. 32.9. 

In the circuit shown in the Fig. 32.9, 
the current I will be 
(a) 1A ( b ) 2A 

(c) 4A (d) 8A 

32.75. The overall inductance of two coils con¬ 
nected in series, with mutual induc- 
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32.10 


32.76. 


32.77. 


32.78. 


32.79. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


tance aiding self-inductance is L,; With 
mutual inductance opposing self-induc¬ 
tance the overall inductance is L 2 . The 
mutual inductance M is given by 
(a) L, + L 2 . ( b ) L,-L 2 

(c) ^ (L,-L 2 ) (d) | (Lj + L 2 ) 

The presence of a dominant 7th har¬ 
monic in the winding distribution of a 
3-phase 6-pole, 50 Hz induction motor 
may cause the motor to crawl at a speed 
of about 

(a) 750 rpm (6) 500 rpm 

(c) 242 rpm (d) 143 rpm 

An 11 kV/400 V, lOOOkVA, Y/Y trans¬ 
former is reconnected as A/Y with the 
high voltage side connected in delta. 
The rating for new connection will be 
(a) 11 IJl kV/400 V, 1000 kVA 
(i b ) 11 kV/400V, 1732 kVA 

(c) 11^/3 kV/400V, 1000 kVA 

(d) 11 kV/400 73 V, 1000/^ kVA 

A round rotor synchronous generator 
has a leakage reactance of 10%, arma¬ 
ture reaction reactance of 90% and neg¬ 
ligible armature resistance. With the 
machine initially running at rated speed 
and terminal voltage of 1.0 pu, a 3- 
phase short-circuit is applied. The sus¬ 
tained armature current will be 
(a) 1.25 pu ( b ) 1.11 pu 

(c) 1.0 pu ( d ) 0.9 pu 

Assuming the diode in the circuit given 
in the Fig. 32.10 to be ideal, what 
should be current in 10 £2 resistor if it 
is measured by a moving iron ammeter? 
(a) 2.0 A ( b ) 1.79 A 

(c) 1.41 A (d) 0.89 A 



Fig. 32.10. 


32.80. The given figure shows Wien bridge 
connection for frequency measurement. 
C and R are variables and ganged to¬ 
gether. For balanced condition, the ex¬ 
pression for fre-quency is 


2tiCR 


when 



Fig. 32.11. 

(a) R^R 2 (b) R, = 2R 2 

(c) R = R 2 /2 (d) R,= 3R 2 

32.81. The magnetic field intensity (in A/m) 
at the centre of a circular coil of diam¬ 
eter 1 m and carrying a current of 2A 
is 

(a) 8 ( b ) 4 

(c) 3 (d) 2 

32.82. A straight conductor of circular X-sec- 
tion carries a current. Which one of the 
following statements is true in this re¬ 
gard ? 

(a) No force acts on the conductor at 
any point 

( b ) An axial force acts on the conduc¬ 
tor tending to increase its length 

(c) A radial force acts towards the axis 
tending to reduce its cross-section 

(d) A radial force acts away from the 
axis tending to increase its cross- 
section 

32.83. The number of 2 pF, 400 V capacitors 
needed to obtain a capacitance value of 
1.5 pF rated for 1600 V is 

(a) 12 ( b ) 8 

(c) 6 (d) 4 

32.84. A universal motor runs at 

(a) higher speed with dc supply and 
with less sparking 
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(i b ) higher speed with ac supply and 
with less sparking 

( c) same speed with both ac and dc 
supplies 

( d) higher speed with ac supply but 
with increased sparking at the 
brushes 

32.85. List I 

(Methods of control) 

A. Injection of vol¬ 
tage into the rotor 
circuit of a 3 phase 
induction motor 

B. Variation of app- 2. 
lied voltage to a 
3 phase induction 
motor at constant 


32.87. 


List II 

(Applications) 

1. Steel rolling 
mills 


Textiles 

mills 


32.88. 


In the optimum generator scheduling 
of different power plants, the minimum 
fuel cost is obtained when 
(a) only the incremental fuel cost of 
each plant is the same 
the penalty factor of each plant is 
the same 

the ratio of the incremental fuel 
cost to the penalty factor of each 
plant is the same 

the incremental fuel cost of each 
v plant multiplied by its penalty fac¬ 
tor is the same 

Circuit of a feedback amplifier having 
series type of feedback is shown in the 
Fig. 32.12. 


(b) 

(e) 

(d) 


32.86. 


frequency 

mined bv 


C. Series-parallel 3. Fans and 



V cc 

control of dc blowers 




series motors 



K 

D. Ward-Leonard 4. Traction 


R s y 

; T 

control of dc 


O--1 

_ \j L 

1 

motors 



V v o 

t 

5. Position con¬ 



Re 

trol in a 



JL t 

servo system 




Codes : A B C D 


Fig. 32.12. 

(a) 12 3 4 




(6) 4 5 2 1 

(a) 

-R/R, 

e L 

(6) -R 

(c) 15 2 4 

(c) 

-R./R 

L e 

(d) -(R/R,) 2 

(d) 2 3 4 1 

32.89. 

List I 

List II 

The operation of a nuclear reactor is 


(Unit) 

(Type of rotor) 

controlled by controlling the multi-pli¬ 

A. 

Synchro¬ 

1. Dumb-bell rotor 

cation factor (K), defined as 


transmitter 


Number of neutrons of any one generation 

B. 

Control 

2. Drag-cup rotor 

Number of neutrons of immediately 


transformer 

preceding generation 

C. 

AC servo¬ 

3. Cylindrical rotor 

The power level of the reactor can be 


motor 


increased by 

D 

Stepper 

4. Toothed rotor 

(a) raising the value of K above 1 and, 


motor 


keeping it at that raised value 



5. Phase wound 

(fc) raising the value of K above 1, but 



rotor 

later bringing it back to K=1 

Codes : A 

B C D 

(c) lowering the value of K below 1 and 

(a) 

i 

3 2 4 

keeping at that lowered value 

(b) 

i 

5 3 2 

( d) lowering the value of K below 1, 

. (c) 

2 

4 3 1 

but later bringing it back to K=1 

(d) 

3 

2 1 5 
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32.90. The inertia constant of a 100 MVA, 11 
kV water wheel generator is 4. The en¬ 
ergy stored in the rotor at the synchro¬ 
nous speed is 

(a) 400 MJ (b) 400 kJ 

(c) 25 MJ (d) 25 kJ 

32.91. The Hall coefficient of sample (A) of a 
semiconductor is measured at room 
temperature. The Hall cofficient of A is 
4 x 10 ^ m :l coulopifr 1 . The carrier 
concen-tration in sample -A at room 
temperature is 

(a) -lO^mr''* (6) -10 24 m^ 

(c) -lO^m"’ 1 (d) -10 22 nr 3 

32.92. While using air-blast circuit breaker, 
current chopping is a phenomenon of¬ 
ten observed when 

(a) a long overhead line is switched off 

(b) a bank of copacitors is switched off 

(c) a transformer on no-load is swit¬ 
ched off 

(d) a heavy load is switched off 

32.93. In a digital voltmeter, the oscillator fre¬ 
quency is 400 kHz, the ramp voltage 
falls from 8 V to 0 V in 20 ms. The 
num-ber of pplses counted by the 
counter is 

(a) 8000 (b) 4000 

(c) 3200 (d) 1600 

32.94. The given figure shows Wien bridge 
connection for frequency measurement. 
C and R are variables and ganged to¬ 
gether. For balanced condition, the ex¬ 
pression for frequency is 

/ = —^— when 
2 ttCR 



Fig . 32.13. 

(a) R=R 2 (i b ) R 1 = 2R 2 

(c) R, = R 2 /2 (d) R ] = 3R 2 


32.95. List I List II 

A. Induction type 1. DC or AC 

ammeter 

B. PMMC ammeter 2. D 

C. Dynamometer 3. AC 

type wattmeter 


32.96. 


Codes: 

(a) 

(b) 

(c) 

(d) 


A 

3 

1 

2 

3 


B 

2 

2 

3 

1 


C 

1 

3 

1 

2 


Holes are drilled on the opposite sides 
of the disc of an induction type energy 
meter to 

(a) avoid creep on no load 

(b) balance the disc 

(c) dissipate the energy due to eddy 
currents 

(d) increase the deflecting torque 

32.97. In modern electronic multimeters, a 
FET or MOSFET is preferred over BJT, 
because 

(a) its input resistance is high 

(b) its input resistance is high and does 
not vary with the change of range 

(c) its input resistance is low 

(d) it is cheaper 

32.98. When the reverse voltage across a p-n 
junction is gradually decreased, the 
depletion region inside the diode 

(a) does not change in width 

(b) initially increases upto a cer f ~" 
width and then decreases 

(c) continuously increases in width 

(d) continuously decreases in width 

32.99. A Lissajous pattern on an oscilloscope 

has 5 horizontal tangencies and 2 ver¬ 
tical tangencies. The frequency of the 
horizontal input is 1000 Hz. What is 
the frequency of the vertical in¬ 

put ? 

(a) 400 Hz ( b ) 2500 Hz 

(c) 4000 Hz (d) 5000 Hz 

32.100. In measurements made using a Q- 
meter, high impedance elements should 
preferably be connected in 

(a) star ( b ) delta 

(c) series (d) parallel 
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32./3 


32.101. Arrange the following in the correct se¬ 
quence in which the flue gas passes 


(a) 50 ±2% ( b) 50 ±3% ft 

(c) 50 ± 5% Q ( d) ^0 ± 10% Q 


through them after coming out of the 

32.105. List 1 

List 2 

boiler in a thermal power station. 

A. 

R-C phase shift 

l.R F oscillator 

(1) I.D.Fan (2) Air preheater 


oscillator 


(3) Economiser (4) Electrostatic 

B. 

U J T oscillator 

2. Higher fre¬ 

precipitator 



quency stability 

Select the answers using the codes 

C. 

L C oscillator 

3. A F oscillator 

given below 

D. 

Crystal oscillator 4. Relaxation 

Codes: 



oscillator 

(a) 4,3, 2,1 (b) 3,2,4, 1 

Codes: A B 

C D 

(c) 2, 1, 4, 3 {d) 1, 4, 3, 2 

(a) 

3 4 

2 1 

32.102. Consider the following statements : Ne¬ 

0 b ) 

2 1 

3 4 

gative feedback in amplifier results in 

(c) 

2 3 

1 4 

1. reduced voltage gain 

(d) 

3 4 

1 2 

2. reduced band width 

32.106. 

List 1 

List 2 

3. increased signal to noise ratio 

(Ampilifier 

(Application) 

4. reduced distortion 

configuration) 


Of these statements 

A. 

CE amplifier 

1. Low bandwidth 

(a) 1 and 2 are correct 



with high input 

(b) 1, 3 and 4 are correct 



impedance 

(c) 2, 3 and 4 are correct 



amplifier 

(d) 1 and 4 are correct 

B. 

CB amplifier 

2. Audio-frequency 

32.103. The 2ener diode shown in the circuit 



amplifier * 

(Fig. 32.14) has a reverse breakdown 

C. 

JFET amplifier 

3. Radio frequency 


voltage of 10 V. The power dissipation 
in R would be 


R s =200fl 


*r 

30V 

-L 


V z 7f 


amplifier 

D. CC amplifier. 4. Micorwave 
amplifier 

5. Buffer amplifier 


I L -50 m A 


Fig . 32.14 . 

(a) 2.0 W ( b ) 1.5 W 

(c) 1.0 W (d) 0.5 W 

32.104. The arms of a Wheatstone bridge are 
shown in the Fig 32.15. For the bal¬ 
anced condition, the least tolerance 
value of R 4 will be 


Codes:A 

(a) 2 

(b) 4 

(c) 2 

(d) 5 


B 

1 

3, 

3 

4 


c 

5 

1 

1 

3 


D 

4 

5 
5 
2 



32.107. The effect of doping intrinsic semi-con¬ 
ductor is to 

(a) move the Fermi level away from 
the centre of the forbidden band 

(b) move the Fermi level towards the 
centre of the forbidden band 

(c) change the crystal structure the 
semi-conductor 

(d) keep the Fermi level at the middle 
of the forbidden band 

32.108. Consider the following statements re¬ 
garding the advantages closed loop 
negative feedback control Westerns over 
open loop systems : 

1. The overall reliability of the closed 

Downloaded From : www.EasyEngineering.net 







Downloaded From : www.EasyEngineering.net 


32.14 

loop system is more than that of 
open loop system 

2. The transient response in a closed- 
loop system decays more quickly 
than in the open-loop system 

3. In an open-loop system, closing of 
the loop increases the overall gain 
of the system 

4. In the closed-loop system, the ef¬ 
fect of variation of component pa¬ 
rameters on its performance is re¬ 
duced 

Of these statements 

(a) 1 and 3 are correct 

(b) 1 and 2 are correct 

(c) 2 and 4 are correct 

(d) 3 and 4 are correct 

32.109. When there is a change in load in a 
power station having a number of gen¬ 
erator units operating in parallel, the 
system frequency is controlled by 

(a) adjusting the steam input to the 
units 

( b ) adjusting the field excitation of the 
generators 

(c) changing the load divisions between 
the units 

(d) injecting reactive power at the sta- 
\ tion bus-bar 

32.110. A phase-lag compensation will 

(a) improve relative stability 

(b) increase the speed of response 

(c) increase band-width 

(d) increase overshoot 

32.111. If the change on each of the capacitors 
in the £iven figure is 4500 pC, what is 
the total capacitance in (pF), assuming 
that the voltage distribution across C p 
C 2 and C ;1 is in the ration of 2 : 3 : 4 ? 

c i c 2 c 3 
HHI—| 

135V- 

Fig. 32.16. 

(a) 325 (b) 11.1 

(c) 22.2 (d) 33.3 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

32.112. A lightning arrester connected between 

the line and earth in a power system 

(a) protects the terminal equipment 
against travelling surges 

(b) protects the terminal equipment 
against direct lightning stroke 

(c) suppresses high frequency oscilla¬ 
tions in the line 

(d) reflects back the travelling waves 
approaching it 

32.113. The Hall angle 0 of a metal sample is 

(a) independent of the magnetic flux 
density B 

(b) independent of the density of free 


(c) 

carriers 

dependent on magnetic flux density 

(d) 

none of the above 


List 1 

List 2 

( Transducers ) 

(Characteristics) 

A 

Thermo¬ 

1. Modulated output 

B 

couple 

Thermistor 

2, Resistance changes 

C 

with pressure 

Strain gauge 3. Negative tempera- 

D 

LVDT 

ture coefficient 

4. Constant temp¬ 

Codes : A 

erature at one end 

BCD 

(a) 

3 

2 4 1 

(b) 

4 

3' 2 1 

(c) 

2 

14 3 

(d) 

1 

2 3 4 


List 1 

List 2 

A. 

LED 

1. Optical scattering 

B. 

LCD 

2. Glow discharge 

C. 

NIXIE 

3. Electro-magnetic 

Codes: A 

radiation emitter 

B C 

(a) 

1 

3 2 

(b) 

3 

1 2 

(c) 

2 

3 , 1 

(d) 

3 

2 1 


32.116. The ratio of readings of two watt-meters 
connected to measure power in a bal¬ 
anced 3-phase load is 5 : 3 and the load 
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is inductive. The power factor of the 
load is 

(a) 0.917 lead ( b ) 0.917 lag 

(c) 0.6 lead (d) 0.6 lag 

32.117. Consider a single crystal of an intrinsic 
semiconductor. The number of free car¬ 
riers at the Fermi level at room tem¬ 
perature is 

(a) half the total number of electrons 
in the crystal 

(i b ) half the number of free electrons 
in the crystal 

(c) half the number of atoms in the 
crystal 

(d) zero 

32.118. In an intrinsic semiconductor, the mo¬ 
bility of electrons in the conduction 
band is 

(a) zero 

(b) less than the mobility of holes in 
the valence band 

(c) equal to mobility of holes in the va¬ 
lence band 

(d) greater than the mobility of holes 
in the valence band 

32.119. A parallel plate air capacitor has plates 
of 1500 cm 2 separated by 5 mm. If a 
layer of dielectric 2 mm thick and rela¬ 
tive permittivity 3 is now intro-duced 
between the plates, then the new sepa¬ 
ration in mm between the plates, so 
that the capacitance value is un¬ 
changed, will be 

(a) 7.00 ( b ) 6.33 

(c) 5.67 (d) 5.00 

32.120. If two 300 V full-scale voltmeters V x 
and V 2 having sensitivities of 100 kH/V 
and 150 klW are connected in series 
to measure 500 V, then 

(a) Vj and V 2 will read 250 V each 
(i b ) will read 200 V and V 2 will read 

300 V 

(c) Vj will read 300 V and V 2 will read 
200 V 

(d) Vj and V 2 will read 0V each 

32.121. A basic d' Arsonval movement with in¬ 
ternal resistance 100 ft and full scale 


32.15 

current of 1 mA is to be converted into 
a multi-range dc 


r 4 r 3 r 2 r 1 



voltmeter with voltage ranges 0-10V, 
0-30 V, 0-100 V, and 0-300 V. The cir¬ 
cuit arrangement is shown in Fig. 32.17. 
The value of Rj is 
(a) 0.0 Q (b) 100 Q 

(c) 9.9 ka {d) 10 kn 

32.122. The inductance of single phase two wire 
power transmission line per km gets 
doubled when the 

(a) distance between the wires is 
doubled 

( b ) distance between the wires is in¬ 
creased fourfold 

(c) distance between the wires is in¬ 
creased as the square of the origi¬ 
nal distance 

(d) radius of the wire is doubled 

32.123. A resistance of 105 ohms is specified 
using significant figures as indicated 
below : 

1. 105 ohms 

2. 105.0 ohms 

3. 0.000105 M Q. 

Among these 

(a) 1 represents greater precision than 
2 and 3 

( b ) 2 represents greater precision but 
1 and 3 represent same precision 

(c) 2 and 3 represent greater precision 
than 1 

(d) 1, 2 and 3 represent same preci¬ 
sion 

32.124. Shunt compensation in an EHV line is 
used to 

(a) improve stability 
(fc) reduce fault level 

(c) improve the voltage profile 

(d) substitute for synchronous phase 
modifier 
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32.125. A source follower using a FET usually 
has a voltage gain which is 

(a) greater than + 100 

( b ) slightly less than unity but posi¬ 
tive 

(c) exactly unity but negative 

(d) about-10 

32.126. The flow-duration curve at a given head 
of a hydro-electric plant is used to de¬ 
termine 

(a) total power available at the site 

( b ) total units of energy available 

(c) load-factor at the plant 

(d) diversity factor for the plant 

32.127. The per unit impedance of a circuit ele¬ 
ment is 0.15. If the base kV and base 
MVA are halved, then the new value of 
the per unit impedance of the circuit 
element will be 

(a) 0.075 ( b) 0.15 

(c) 0.30 ( d ) 0.60 

32.128. A digital voltmeter has 4y digit dis¬ 
play. The 1 V range can read upto 

(a) 1.000 (b) 1.111 

(c) 1.999 (d) 1999 

32.129. The transient stability limit of a power 
system can be appreciably increased by 
introducing 

(a) series inductance 

(b) shunt inductance 

(c) series capacitance 

(d) shunt capacitance 

32.130. How many time-base circuits does a 

dual trace CRO have ? 

(a) 1 (6) 2 

(c) 3 (d) 4 


32.131. 

List 1 

List 2 

A. 

Thyrite arrester 

1. Tower location 

B. 

Sag template 

2. Cross bonding 

C. 

Cable sheaths 

3. Re striking 
voltage 

D. 

Circuit breaker 

4. Non-linear 
resistor 

Codes: A B 

C D 

(a) 

4 1 

3 2 

(b) 

4 1 

2 3 

(c) 

1 4 

3 2 

( d ) 

4 3 

1 2 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

32.132. In a power station, the cost of genera¬ 
tion of power reduces most effectively 
when 

(a) diversity factor alone increases 

( b ) both diversity factor and load fac¬ 
tor increase 

(c) load factor alone increases 

(d) both diversity factor and load fac¬ 
tor decrease 

32.133. The zero-suppression in recorders im¬ 
plies 

(a) recording signals with reference to 
a point other than the zero 

(b) removing the static component so 
that rest of the signal is displayed 
with more expansion 

(c) providing inertialess components to 
improve transient response 

(d) designing the recorder for zero er¬ 
ror 

32.134. A power system network with a capac¬ 
ity of 100 MVA has a source impedance 
of 10% at a point. The fault level at 
that point is 

(a) 10 MVA ( b ) 30 MVA 

(c) 300 MVA (d) 1000 MVA 

32.135. A 555 timer can be used as 

(a) an astable multivibrator only 

(b) a monostable multivibrator only 

(c) a frequency divider only 

(i d) an astable multivibrator or a mono¬ 
stable multivibrator or a frequency 
divider 

32.136. If the practial units of voltage and cur¬ 
rent were each made 20 times as large 
as they are at present, what would be 
the consequent alteration in the size of 
the unit of capacitance ? 

(a) 200 times ( b ) 60 times 

(c) 20 times (d) nil 

32.137. The principle of operation of LVDT is 
based on variation of 

(a) self inductance 

( b ) mutual inductance 

(c) reluctance 

(d) permeance 

32.138. A thermo-couple ammeter gives full 
scale deflection at 10 A. When the meter 
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32.17 


reads one-fifth of the scale, the current 
will be 

(a) 2 A (b) 4 A 

(c) 4.47 A (d) 5.78 A 

32.139. In the circuit shown in the Fig 32.18 
voltmeter indicates 30 V. The reading 
of the ammeter will be 


C. Series motor 



given below the lists : 
List 1 
( Material ) 

A Diamagnetic 
B Paramagnetic 
C Ferromagnetic 
Codes: A B 

(a) 2 2 

(b) 1 3 

(c) 2 3 

(d) 3 2 

32.142. List 1 

i . 

(.D C motors) 

A. Cumulatively 
compounded 
motor 

B. Differentially 
compunded 
motor 


List 2 
(Force) 

1. Nil 

2. Repulsive 

3. Attractive 
C 

3 


List li 

(Characteristics) 

1. Fairly constant 
speed irrespective 
of the load 

2. It may start in _ 
reverse direction 


D. Shunt motor 


3. Definite no-load 
speed 

4. Never started 
without load 


Codes 

(a) 

(b) 

(c) 

(d) 


A 

2 

3 
1 

4 


B 

3 

2 

3 

1 


C 

1 

4 

2 

3 


D 

4 

1 

4 

2 


Fig. 32.18. 

(a) 20A (6) 10^2 A 

(c) 10A (d) zero 

32.140. Two mechanically coupled alternators 
deliver power at 50 Hz and 60 Hz re¬ 
spectively. The highest speed of the al¬ 
ternators is 

(a) 3600 rpm (b) 3000 rpm 

(c) 600 rpm (d) 500 rpm 

32.141. A cylindrical rod of magnetic material 
fits tightly when it is inserted into, a 
long solenoid, half way through. The 
nature of the force on the rod and the 
type of material of the rod are listed 
below. Match List 1 and List 2 and se- 


32.143. A belt-driven cumulative compounded 
dc generator is delivering power to the 
dc main. If the belt snaps then the ma¬ 
chine will run as a 

(a) cumulative compounded motor in 
the same direction 
differentially compounded motor in 
the same direction 
cumulative compounded motor in 
the opposite direction 
differentially compounded motor in 
the opposite direction 

32.144. An R-L-C series circuit has f i and f 2 as 
the half power frequencies and f Q as the 
resonant frequency. The Q-factor of the 
circuit is given by 


(b) 

(c) 

(d) 


codes 

(a) 

/i + fi 

2/ 0 

(b) 

1 1 


(c) 

/o 

(d) 

/ 1-/2 


f\ ~ f2 

fo 


32.145. A coil having a resistance of 5 Q. and 

inductance of 0.1 H is connected in se¬ 
ries wijdi a condenser of capacitance 
50 pE: A constant alternating voltage 
of 200 V is applied to the circuit. The 
voltage across the coil at resonance is 
(a) 200 volts (b) 1788 volts 

(c) 1800 volts (d) 2000 volts 

32.146. The response of a series R-L-C circuit 
fed from a fixed rms voltage and vari¬ 
able frequency source is represented 
.graphically in the Fig. 32.10. Match List 
1 with List 2 and select the correct an- 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


swer using the codes given below the 
lists : 

BB A A 




Frequency 


Fig. 32.19. 


List 1 


List 2 

(curve) 


(Quantity) 

A. AA 


1. Current 

B. BB 


2. Impedance 

C. CC 


3. Capacitive reactance 

D. DD 


4. Net reactance 

5. Inductive reactance 

Codes: 

A 

B C D 

(a) 

2 

1 3 5 

(b)\ 

1 

2 3 5 

(c) 

1 

2 3 4 

(d) 

1 

2 4 3 


32.147. A 3-phase synchronous motor connected 
to an infinite bus is operating at half¬ 
full load with normal excitation. When 
the load on the synchronous motor is 
suddenly increased 

(a) its speed will first decrease and 
then become synchronous 
(£>) its speed will first increase and 
then become synchronous 

(c) its speed will fluctuate around syn¬ 
chronous speed and then become 
synchronous 

(d) its speed will remain unchanged 

32.148. At a certain current, the energy stored 
an iron-cored coil is 1000 J and its cop¬ 
per loss is 2000 W. The time constant 
(in seconds) of the coil is 

(a) 0.25 (6) 0.5 

(c) 1.0 (d) 2.0 

32.149. If the applied voltage to a dc machine 
is 230 V, then the back emf, for maxi¬ 
mum power developed is 

(a) 115 V (b) 200 V 

(c) 230 V (d) 460 V 

32.150. The most appropriate operating speeds 
in rpm of generators used in Thermal, 


Nuclear and Hydro-power plants would 

respectively be 

(a) 3000, 300 and 1500 

(i b ) 3000, 3000 and 300 

(c) 1500, 1500 and 3000 

{d) 1000, 900 and 750 

32.151. For successful parallel operation of two 
single phase transformers, the most es¬ 
sential condition is that their 

(a) percentage impedances are equal 

( b ) polarities are properly connected 

(c) turn-ratios are exactly equal 

(d) kVA ratings are equal 

32.152. Consider the following statements re¬ 
garding the starting of a dc shunt mo¬ 
tor. 

1. External field resistance should be 
minimum 

2. External field resistance should be 
maximum 

3. Reduced voltage should be applied 
to the armature 

4. Increased voltage should be applied 
to the armature 

Of these statements 

(a) 1 and 3 are correct 

( b ) 1 and 4 are correct 

(c) 2 and 3 are correct 

(d) 2 and 4 are correct 

32.153. The current waveform in a pure resis¬ 
tor of 10 ft is shown in the Fig 32.20. 
Power dissipated in the resistor is 

(o) 7.29 W (6) 52.4 W 

(c) 135 W (d) 270 W 

9 

d 

Amps 

— t (Seconds) —*- 

Fig . 32.20. 

32.154. Consider the following statements 

1. In a dc series generator, full load 
voltage is more than the no load 
voltage 

2. In a separately excited dc genera- 
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32. j 9 


tor full load voltage is more than 
the no load voltage 

3. In a dc shunt generator, full load 
voltage is less than the no load volt-' 
age 

Of these statements 

(a) 1, 2 and 3 are correct 

( b) 1 and 2 are correct 

(c) 2 and 3 are correct 

(d) 1 and 3 are correct 

32.155. Semi-colsed slots or totally closed slots 
are used in induction motors essentially 
to 

(a) improve starting torque 

( b ) increase pull-out torque 

(c) increase efficiency 

(d) reduce magnetizing current and 
improve power factor 

32.156. A lap wound armature winding, fitted 
with ^ commutator and a pair of 
brushes on it is rotated at a speed N r 
in a rotating magnetic field having P 
poles and rotating at a speed in 
space, N^and N r both being in the same 
direction. The frequency of induced volt¬ 
age across the brushes on the commu¬ 
tator is 


(a) 


N f P 

l20” 


(b) 




120 


(c) 


( N f +N r )P 
120 


(d) 


N r P 

120 


32.157. When a balanced 3-phase distributed 
type armature winding is carrying 3- 
phase, balanced currents, the strength 
of the resultant rotating magnetic field 
is 

(а) three times the amplitude of each 
constituent of pulsating magnetic 
field 

(б) equal to the amplitude of each cons¬ 
tituent of pulsating magnetic field 

(c) half the amplitude of each constitu- 
i ent of pulsating magnetic field 

(d) one and half times the amplitude 
of each constituent of pulsating 
manetic field 


32.158. In the circuit shown in the Fig. 32.21, 
the current through R L is 


• f 120n 

leoxi 

=1420V 

^4 20V 

T_ 

JI 


Fig. 32.21. 

(a) 2 A (b) zero 

(c) -2 A (d) -6 A 

32.159. Two coupled coils connected in series 
have an equivalent inductance of 16 mH 
or 8 mH depending on the interconnec¬ 
tion. Then the mutual inductance M be¬ 
tween the coils is 

(a) 12 mH ( b ) 8V2mH 

(c) 4 mH (d) 2 mH 

32.160. In a 3-phase induction machine, motor¬ 
ing, generating and braking operations 
take place in the range of slip “S” given 
by 

(a) motoring : 1>S>0; generating: 0>S> 
-1 braking : S>1 

( b ) motoring : S>1; generating: 1>S>0 
braking: 0>S>~1 

(c) motoring ;S>1; generating: 0>S>- 
1 braking : 1>S>0 

(d) motoring : 0>S>-1; generating: S>1 
braking : 1>S>0 

32.161. The main reason for using a hysteresis 
motor for high quality tape-recorders 
and record players is that 

(а) its speed is constant (synchronous) 

(б) it develops extremely steady torque 

(c) it requires no centrifugal switch 

(d) its operation is not affected by mec¬ 
hanical vibrations 

32.162. The insulation of modern EHV lines is 
designed based on 

(a) the lightning voltage 

(b) corona 

( c ) radio interference 

(d) switching voltage 

32.163. The condensers of 20 pF and 40 pF ca¬ 
pacitance are connected in series across 
a 90 V supply. After charging, they are 
removed from the supply and are con- 
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nected in parallel with positive termi¬ 
nals connected together and similarly 
the negative terminals. Then the volt¬ 
age across them will be 

(a) 90 V ( b ) 60 V 

(c) 40 V (d) 20 V 

32.164. Which of the following are the charac¬ 
teristics of an hydraulic actuator ? 

(1) Sluggish 

(2) Having capacity to handle large 
power 

(3) Having linear operation over a 
wide range 

Select the correct answer using the 
codes given below. 

Codes 

(a) 1, 2 and 3 ( b) 1 and 2 
(c) 2 and 3 (d) 1 and 3 

32.165. Compared with a solid conductor of the 
same radius, corona appears on a 
stranded conductor at a lower voltage, 
because stranding 

(а) assists ionisation 

(б) makes the current flow spirally 
about the axis of the conductor 

(c) produces oblique sections to a plane 
perpendicular to the axis of the con¬ 
ductor 

(d) produces surfaces of smaller radius 

32.166. The translator program that converts 
source code in high level language into 
machine code line by line is called 

(a) Assembler ( b ) Compiler 

(c) Loader ( d) Interpreter 

32.167. An effect of phase-lag compensation on 
servo-system performance is that 

(a) for a given relative stability, the 
velocity constant is increased 

(b) for a given relative stability the ve¬ 
locity constant is decreased 

(c) the bandwidth of the system is in¬ 
creased 

(d) the time response is made faster 

32.168. Consider the following statements asso¬ 
ciated with parallel plate capacitor 

1. Capacitance is proportional to area 

2. Capacitance is inversely pro¬ 
portional to distance of separation 
of plates 


3. The dielectric material is in a state 
of compression 
Of these statements 

(a) 1, 2 and 3 are correct 

(b) 1 and 2 are correct 

(c) 1 and 3 are correct 

(d) 2 and 3 are correct 

32.169. “In all cases of electormagnetic induc¬ 
tion, an induced voltage will cause a 
current to flow in a closed circuit in 
such a direction that the magnetic field 
which is caused by that current will 
oppose the change that produces the 
current”, is the original statement of 

(a) Lenz’s law 

(b) Faraday’s law of magnetic induc¬ 
tion 

(c) Fleming's law of induction. 

(d) Ampere's law 

32.170. List 1 List 2 

(Quantitiy to be (Type of transducer) 
measured) 

A Strain 1. Magnetostrictive 

transducer 

B Temperature 2. Magnetoelectric 
transducer 

C Angular 3. Encoder 

velocity 


4. Thermocouple 
Codes : A B C 

(a) 14 3 

(b) 2 13 

(c) 3 4 2 

(d) 14 2 

32.171. For an n-pulse rectifier, the rms value 
of the ac current is related to the dc 
load current as 


(a) 



0 b ) 




2 

(c) Irms = Id W) I rms ~ ^d 

71 

32.172. Two 3-phase transformers are to be con¬ 
nected for parallel operation. Which one 
of the following arrangements is impos¬ 
sible? 

(a) Transformer A; primary Y; second¬ 
ary Y 
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Transformer B; primary A; second¬ 
ary A 

(b) Transformer A; primary A; second¬ 
ary Y 

Transformer B; primary A; second¬ 
ary A 

(c) Transformer A; primary Y; second¬ 
ary A 

Transformer B; primary A; second¬ 
ary Y 

(d) Transformer A; primary A; second¬ 
ary A 

Transformer B; primary A; second¬ 
ary A 

32.173. An electirc train employing a dc series 
motor is running at a fixed speed, when 
a sudden slight drop in the mains volt¬ 
age occurs. This would result in 

(a) drop in speed and. rise in current 

(b) rise in speed and drop in current 

(c) rise in speed and rise in current 

( d) drop in speed with current unal¬ 
tered 

32.174. For an ideal transformer shown in the 

Fig. 32.22 ' 



Fig. 32.22. 


(а) Vj - riV 2> \ = -n I x 

(б) V 2 = nV 1) I 2 = -nI 1 

(c) Vj = /iV 2> Ij = l/n I 2 

(d) Vj = nV 2 ,I 2 =-l/n Ij 

32.175. Consider the following statements : 

In a 3-phase induction motor con-nected 

to a 3-phase supply; if one of the lines 

suddenly gets disconnected, then the 

1. motor will come to a standstill 

2. motor will continue to run at the 
same speed ,with line current un¬ 
changed 

3. motor will continue to run at a 
slightly reduced speed with increase 
in line current 


32.21 

4. rotor current will have both of S f 
and ( 2 -S)/ component frequencies 
where S is the slip and / is the sup¬ 
ply frequency 
Of these statements 

(a) 1 and 4 are correct 

( b) 1 and 2 are correct 

(c) 3 and 4 are correct 

(d) 2 and 3 are correct 

32.176. The coils having self-inductances of 10 
mH and 15 mH have an effective in¬ 
ductance of 40 mH, when connected !in 
series aiding. What will be the equiva¬ 
lent inductance if we connect them in 
series opposing ? 

(a) 20 mH (b) 10 mH 

(c) 5 mH (d) zero 

32.177. A separately excited dc generator is 
feeding a dc shunt motor. If the load 
torque on the motor is halved approxi¬ 
mately 

(a) armature currents of both motor 
and generator are halved 

( b ) armature current of motor is halved 
and that of the generator is unal¬ 
tered 

(c) armature current of generator is 
halved and that of motor is unal¬ 
tered 

(d) armature currents of both motor 
and generator are unaltered 

32.178. A 3-phase 4-pole alternator has 48 sta¬ 
tor slots carrying the 3-phase distrib¬ 
uted winding. Each coil of the winding 
is short chorded by one slot pitch. The 
winding factor is given by 

(a) T cot ( 7 . 5 °) (b) ± cot (7.5°) 

(c) T sin ( 7 . 5 °) (d) cos (7.5°) 

16 

32.179. Cogging and crawling are phenomena 
associated with 

(o) cage induction machines and they 
are essentially the same 

(b) squirrel cage induction machines, 
the former during starting and the 
latter at a fraction of its rated speed 
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(c) squirrel cage induction machines, 
the former at a fraction of its rated 
speed and the latter during start¬ 
ing 

(d) wound rotor induction machines 
and they are reduced by skewing, 
chording and distribution of wind¬ 
ings 

In a self excited induction generator, to 
keep the frequency of generated volt¬ 
age constant with the increase in load, 
the speed of^the induction machine 
should be 

(a) increased 

(b) decreased 

(c) maintained less than the rated syn¬ 
chronous speed 

(d) maintained more than the rated 
synchronous speed 

32.181. If R^ in the circuit shown in the Fig 
32.23 is variable between 20 £2 and 80 
£2 then the maximum power transferred 
to the load R, will be 



Fig. 32.23. 

\a) 15 W (b) 13.33 W 

(c) 6.67 W (d) 2.4 W 

32.182. A voltmeter gives 120 oscillations per 

minute when connected to the rotor of 
an induction motor. The stator fre¬ 
quency is 50 Hz. The slip of the motor is 
(a) 2% (6) 2.5% 

/(c) 4% / (d) 5% 

32.183. Consider the circuit shown in the Fig 
32.24. For maximum power transfer to 
the load, the primary to secondary turn- 
ratio must be 


900ft 



(a) 9 : 1 ( 6 ) 3 : 1 

(c) 1:3 (< d) 1:9 

32.184. At 50 Hz operation, a single phase 
transformer has hysteresis loss of 200 
W and eddy current loss of 100 W. Its 
core loss at 60 Hz operation will be 

(a) 432 W (b ) 408 W 

(c) 384 W (d) 360 W 

32.185. A ^220 V dc machine has an armature 

resistance of 1 £2. If the full load cur¬ 
rent is 20 A, the difference in the in¬ 
duce voltage when the machine is run¬ 
ning as a motor, and as a generator is 

(a) 20 V ( 6 ) zero 

(c) 40 V (d) 50 V 

32.186. A centre zero ammeter connected in the 
rotor circuit of a 6 -pole, 5(EHz induc¬ 
tion motor makes 30 oscillations in one 
minute. The rotor speed is 

(a) 970 rpm ( b ) 990 rpm 

( c ) 1010 rpm N (d) 1030 rpm 

32.187. The type of dc generator used for arc 
welding purposes is a 

(a) series generator 

( b ) shunt generator 

(c) cumulatively compounded gene¬ 
rator x 

(i d) differentially compounded gene¬ 
rator 

32.188. For the protection of stator winding of 
an alternator against internal fault in¬ 
volving ground, the relay used is a 

(a) biased differential relay 

(b) directional over-current relay 

(c) plain impedance relay 

( d) Buchholz relay 

32.189. The single most important property 
that makes SF G a very efficient medium 1 
for circuit breaking is 

(a) it is non-toxic and non-inflammable 

(b) it has high dielectric constant 

(c) it has high breakdown strength 

(d) it is highly electro-negative in cha¬ 
racter 

32.190. Single core cable should have armour 
made of 

(p) magnetic material 
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( b ) non-magnetic and non-conducting 
material 

(c) non-magnetic but conducting ma¬ 
terial 

32.191. Under short-circuit conditions the wind¬ 
ings of a transformer having 5% im¬ 
pedance will experience a radial force 

(a) 5 times of full load value 

( b ) 20 times of full load value 

(c) 25 times of full load value 

(d) 400 times of full load value 

32.192. Compared to the breaking capacity of 
circuit breaker its making capacity 
should normally be 

(a) more ( b ) equal 

( c ) less 

(i d) the two are unrelated to each other 

32.193. Power despatch through a line can be 
increased by 

(a) installing series capacitors 
. ( b ) installing shunt capacitors 

(c) installing series reactor 

(d) installing shunt reactor 

32.194. Addition of tubes to the transformer 
tank improves heat dissipation capac¬ 
ity because of 

(a) additional cooling surface 
(i b ) additional dissipation by radiation 
only 

(c) additional dissipation by convection 
only 

(i d) additional dissipation by radiation 
and convection both 

32.195. A perfect circle Lissajous pattern is 
drawn on a CRO screen for the phase 

difference of . between two 

equal voltages of same frequency. 

(a) 30° (6) 60° 

(c) 90° (d) 150° 

32.196. .The transfer function of a system is the 
Laplace transform of its 

(a) square wave response 

( b ) step response 

(c) ramp response 

(i d) impulse response 

32.197. FETs are used in amplifiers to get 
(a) high input impedance 

(i b ) low input impedance 

(c) high output impedance 

(d) low output impedance 


32.198. Directional over-current relay is used 

for protection of 

(a) long transmission line 

( b) large power transformer 

(c) ring main distribution line 

(d) radial distribution line 

32.199. For stability of an ac servo-motor 

(а) a negative slope on the torque speed - 
curve is necessary 

(б) linearized torque-speed curve is es¬ 
sential 

(c) the ratio of the rotor reactance to 
rotor resistance should be high 

32.200. The deflecting torque of a moving iron 


insturment is 



v l2 dL 


1 r2 dL 

<o) ' dB 

C b) 

-I 2 — 
2 c/0 

r dL 


1 dL 

w ‘a 

(d) 

2 1 c/8 


32.201. The number of parallel paths for a 4- 
pole duplex lap winding will be 

(a) 2 ( b ) 4 

(c) 6 (d) 8 

32.202. For the protection of a very long extra 
high voltage line, the protective relay 
used is 

(а) over-current with extremely inverse 
characteristics 

(б) percentage differential relay 

(c) reactance type distance relay 

(d) mho type distance relay 

32.203. Buchholz relay is a 

(a) oil actuated relay 

( b ) current actuated relay 

(c) gas actuated relay 

(d) oil temperature-actuated relay 

32.204. The burshes of a dc motor suitable for 
rotation in any direction should be 
placed as 

(a) radial ( b ) reaction 

(c) trailing (d) any of these 

32.205. Minimum number of coils for 400 V, 6- 
pole lap connected dc machine for a 
maximum voltage of 15 volts between 
adjacent commutator segments should 
be 

(o) 80 (6) 160 
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(c) 200 (d) 400 

32.206. In a minimum oil circuit breaker the 
oil is used 

(a) to act as circuit breaking medium 
only 

( b ) for circuit breaking and providing 
insulation 

(c) for providing insulation only 

(d) for none of the above purposes 

32.207. Shunt capacitors in a substation 

(a) consume lagging VAR 

( b ) deliver lagging VAR 

(c) consume active power 

(d) deliver active power 

32.208. The iron loss in a magnetic specimen 
can be determined by using a 

(a) frequency meter 

(b ) Q-meter 

(c) CRO 

(d) Weston cell 

32.209. Anderson bridge is used for the meas¬ 
urement of 

(a) time period 

(b) phase difference 

(c) inductance 

(d) capacitance 

32.210. Damping due to back emf is observed in 

(a) armature controlled dc motor 

(i b ) field controlled dc motor 
(c) ac servo-motor 

32.211. Maximum temperature limit for class 
B insulation is 

(a) 105°C (b) 120°C 

(c) 130°C (d) 155°C 

32.212. Bio-gas plants are suitable for 

(а) metallurgical industries 

(б) commercial complexes 

(c) rural areas 

(d) coal mines 

32.213. The most commonly used null detector 
in power frequency ac bridge is a 

(a) vibration galvanometer 

( b ) d'Arsonval galvanometer 

(c) ballistic galvanometer 

(d) tachometer 

32.214. The rotor field of synchronous genera¬ 
tors is supplied with 

(a) dc supply 

(b) ac supply 
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(c) ac or dc supply 

32.215. The deflecting torque of a moving iron 
instrument is proportional to 

(a) I (b) P 

(c) r /2 (d) i M 

32.216. By increasing the transmission voltage 
to double of its original value the same 
power can be despatched keeping the 
line loss 

(a) equal to original value 

(b) half the original value 

(c) double the original value 

(d) one-fourth of original value 

32.217. For a long distance hv transmission line 
the receiving end voltage under un¬ 
loaded condition is 

(a) much lower than 

(b) lower than 

(c) equal to 

(d) higher than the sending end volt¬ 
age 

32.218. Transposition of transmission line is 
done to 

(а) reduce line loss 

(б) reduce skin effect 

(c) balance line voltage drop 

(d) reduce corona 

32.219. The emf of a saturated Weston cell 
drops by increase in temperature at a 
rate of 

(a) 4pV/°C (6) 40pV/°C 

(c) 4 m V/°C (d) 40 m V/°C 

32.220. When an alternator is delivering a bal¬ 
anced load at unity power factor the 
phase angle between line voltage and 
line current is 

(a) 90° (b) 60° 

(c) 30° (d) 0° 

(e) none of the above 

32.221. In Wein Bridge the output frequency is 
determined by 

(a) R-C combination 

(b) R-L combination 

(c) R-L-C combination 

(d) L-C combination 

32.222. A hydro-electric power station is com¬ 
monly fou i in 

(a) desert areas (6) hilly areas 
(c) swamps (d) grasslands 
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32.223. Pulverised fuel is used for 

(a) better burning 

(b) increased calorific value of coal 

(c) less radiation loss 

(d) medium size units 

32.224. In a static over-current relay, inverse 
time characteristics are obtained by 

(a) a transistor amplifier 

( b ) an integrating circuit 

(c) a transistor switch 

(d) a differentiating circuit 

32.225. is commonly used for the 

measurement of temperature. 

(a) Strain gauge ( b) Thermistor 
(c) Photodiode ( d ) Piezocrystal 

32.226. Capacitance of a transmission line 
(a) increases ( b ) decreases 

(c) remains same with increase in its 
length 

32.227. List 1 List 2 

(Basic type of (Examples of control 

control systems) systems) 

A Man-made I. A thermostati- 

control system cally controlled 

heater 

B Natural, II. Pointing of an 

including bio- object with a 

logical control finger 

systems 

C Control III. Human 

systems whose perspiration 

components systems 

are both man 
made and 
natural 

IV. A man driving 
an automobile 


. The correct matching is 


(a) 

I 

A 

II 

B 

III 

B 

IV 

A 

0 b) 

I 

A 

II 

B 

III 

B 

IV 

c 

(c) 

I 

A 

II 

C 

III 

B 

IV 

c 

id) 

I 

A 

II 

B 

III 

C 

IV 

A 


32.228. List 1 List 2 

A FORTRAN 1 Good report writing 
facility. 

B ALGOL 2. Suitable for both 
scientific and busi¬ 
ness applications. 


C COBOL 


D PL/I 


3. Elegant language to 
express algorithms. 

4. Suitable for mathe¬ 
matical calcula¬ 
tions. 


Codes 

(a) 

(b) 

(c) 

(d) 


A 

4 

4 

3 

2 


B 

1 

3 

2 

3 


C 

2 

1 

1 

4 


D 

3 
2 

4 

1 


32.229. Constant power locus of transmission 
line at a particular sending end and 
receiving end voltage is 

(a) a straight line (b) a circle 
(c) a parabola (d)an ellipse 

32.230. The operating characteristics of a reac¬ 
tance relay in the complex impedance 
plane is a 


32.231. 


B. 

C. 

D. 


circle with its origin at the centre 
of the R-X plane 

circle passing through the origin 
straight line passing through the 
origin 

straight line parallel to the X-axis 
List 2 
( Quantity ) 

1. Oscillator 
frequency 

2. Time device 

3. Inductance 

4. Resistance 


(a) 

(b) 

(c) 

(d) 

List 1 

( Standard) 

A. Atomic clock 


Codes 

(a) 

(b) 

(c) 

(d) 


Four terminal 
Quartz crystal 
Ceramic core 
toroid shape 
device 

A 
1 
2 
2 
3 


C 

3 

4 
1 
1 


D 

4 

1 

3 

2 


32.232. The transfer function for an ac tachom¬ 
eter is 


(«) 


E(s) 

0(s) 


= Ks 


0 b ) 


E(s) 

® in (®) 


= Ks 


(e) 


E(s) 

0 ( s ) 


= K 


(d) none of these 


where E(s), 0(s), co m (s) are the Laplace 
transforms of the tacho output voltager 
E(t), rotor angular dis-placement 0(t) 
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and rotor speed co m (t) respectively, and 
K is the tachometer constant in volts 
per'radian second. 

32.233. The major function of the condenser is 
to 

(a) remove the condensate for boiler 
feed water 

( b ) condense steam 

(c) reduce the back pressure so that 
maximum heat energy can be ex¬ 
tracted from steam 

(d) provide a closed cycle 

32.234. Factors imparted by feedback to a sys¬ 
tem are 

(i) Increased accuracy and reduced 
sensitivity of output/input ratio to 
variations in system character- 
isitcs. 

(i ii ) Reduced effect of non-linearities 
and increased bandwidth 
... (iii) Tendency towards oscillation or in- 
/ stability 

The correct choice for this equation is 

(a) (i) and (ii) only 

( b) (i) and (iii) only 

(c) (ii) and (iii) only 

(d) (i), (ii) and (iii) 

32.235. For the protection of a 3-phase star/ 
delta transformer the CTs for the dif¬ 
ferential relay should be connected 

(a) delta/star (b) delta/delta 
(c) star/delta (d) star/star 

32.236. List 1 List 2 f 

A Input unit 1. Performs data 

manipulation 

B Output unit 2. Feeds data into the 
CPU 


C Memory 
unit 

D Arithmetic 
unit 

E Control unit 


Codes : A: 

(a) 1 

(b) 2 

(c) 2 

(d) 3 


3. Directs the other 
units to perfoiTn 
specified tasks 

4. Stores program 
data 

5. Communication re¬ 
sponse of the com¬ 
puter to the user 

B C D E 

2 3 4 5 

5 4 1 3 

3 4 5 1 

4 5 12 


32.237. Tappings of a transformer are provided 

(a) at the phase end of Iv side 

x (b) at the phase end of hv side 

(c) at the neutral end of hv side 

(d) at the middle of the hv side 

32.238. In a PMMC instrument, the torque/ 
weight ratio is 

(a) high (b) low 

(c) zero (d) infinity 

32.239. The dimensions of magnetic flux den¬ 
sity are 

(a) IMT 2 (b) E ] MT- 2 

(c) IMT 1 (d) UMT 1 

32.240. Piezo-electirc crystals are used for mea¬ 
surement of.changes. 

(a) static 

(b) dynamic 

(c) static and dynamic 

32.241. Graphite is used in nuclear power plant 
as a 

(a) fuel (b) coolant 

(c) moderator (d) electrode 

32.242. Increase in frequency of transmission 
line causes 

(a) no change in line resistance 

(b) increase in line resistance 

(c) decrease in line resistance 

(d) decrease in line series reactance 

32.243. The system whose characteristic equa- 
tion has the following roots 

(a) -j, j, -1, 1 

(b) -3,-*2,0 

(c) -*2 +3/ *-2 -3; —2 

(d) -3, -2, -1 

is marginally stable 

32.244. A . is used for accu¬ 

rate and stable time base circuit in a 
digital frequency meter. 

(a) quartz (b) Rochellet salt 

(c) aluminium (d) carbon 

32.245. In a shaded pole squirrel cage indue-. 
tion motor the flux in the shaded part 
always 

(a) leads the flux in the unshaded pole 

(b) is in phase with the flux in the 
unshaded pole segment 

(c) lags the flux in the unshaded pole 
segment 

(d) none of the above 
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32.246. Reluctance torque is the 

(a) torque developed in a given syn- 

. chronous motor as a function of 
field excitation and the sine of the 
torque angle 

( b ) torque developed by salient pole 
synchronous or synchronous induc¬ 
tion motors due to variations in air 
gap produced by armature reaction 

(c) torque developed by non-salient 
pole asynchronous motor 

(i d ) torque developed by none of the 
above 

32.247.is extensively used for those 

protions of magnetic circuit which carry 
steady flux and need superior mechani¬ 
cal properties. 

(a) Stainless steel 
(fa) Cast iron 

(c) Grey cast iron 

(d) Aluminium 

32i'248. Four voltmeters W, X, Y, Z are sepcified 
as follows : 

Voltmeter W : 100 V, 2 mA; 

Voltmeter X : 100 V, 100 Q/V; 
Voltmeter Y : 10000 Q, 1mA; 

Voltmeter Z : 100V, 1 mA 
The most suitable voltmeter for mea¬ 
surement of 100 V is 
(a) W (fa) X 

(c) Y (d) Z 

32.249. The annual load duration curve of a 
power supply system may be considered 
as a straight from 40 MW to 8 MW. 
The load factor of the system is 

(a) 20% (fa) 40% 

(c) 60% (d) 83.33% 

(e) none of the above 

32.250. When gain k of the loop transfer func¬ 
tion is varied from zero to infinity the 
closed loop system 

(a) may become unstable 
(fa) stability is not affected 

(c) always becomes unstable 

(d) stability is improved 

$2,251. Sulphur hexafluoride cable is insulated 
by 

(a) impregnated paper 


(fa) polyvinyl chloride 

(c) high pressure oil 

(d) compressed gas 

32.252. A free gyro with no restraining forces 
is used in space to measure 

(a) velocity of a vehicle 
(fa) acceleration 

(c) angular momentum 

(d) angular position of vehicle with re¬ 
spect to gyro-axis 

32.253. Spinning reserve is 

(a) the reserve generating capacity 
which is available for service but 
not in operation 

(fa) the reserve generating capacity 
which is connected to the bus and 
is ready to take load 

(c) thp reserve generating capacity 
which is in operation but is not in 
service 

(d) none of the above 

32.254. In a long transmission line under no- 
load condition 

(a) the receiving end voltage is less 
than the sending end voltage 
(fa) the sending end voltage is less than 
the receiving end voltage 

(c) the sending end voltage is equal to 
the receiving end voltage 

(d) none of these 

32.255. An increase in number of poles of an 
induction motor results in 

(a) decrease in maximum pf 
(fa) increase in maximum pf 
(c) no change in maximum pf 
id) cannot be predicted 

32.256. Damper winding is used to 

(a) reduce air gap harmonic flux 
(fa) reduce oscillations 

(c) increase stability limits 

(d) resist the moisture 

32.257. For under frequency operation the eddj 
current loss 

(a) decreases (fa) increases 

(c) remains unaltered 

(d) cannot be predicted 

32.258. Root locus diagram . 

(a) is always symmetric about horizon¬ 
tal axis 
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( b ) may by symmetric about horizontal 
axis 

(c) cannot be symmetric about horizon¬ 
tal axis 

(d) is symmetric about the vertical axis 

32.259. Eddy current damping cannot be used 
for moving iron instruments because 

(a) weight of the instrument will in¬ 
crease 

(b) presence of permanent magnet re¬ 
quired for this purpose will affect 
the deflection and hence the instru¬ 
ment readings 

(c) size of the instrument will increase 

(d) eddy current will pass through the 
iron and thereby cause loss 

32.260. The current I though a resistance R is 
measured with uncertainties 

I = 4A ± 0.5% R = 100 ft ± 0.2% 

The uncertainty in measurement of 
power is 

(а) 1600 W± 0.01% 

(б) 1600 W ± 0.02 % 

(c) 1600 W± 0.05% 

(d) 1600 W± 1.2% 

32.261. The reliability of an instrument refers 
to 

(a) measurement of changes due to 
temperature variation 
(i b ) degree to which repeatability con¬ 
tinues to remain within specified 
limits 

(c) the life of the instrument 

(d) the extent to which the char¬ 
acteristics remain linear 

32.262. Input resistance of a common emitter 
transistor is of the order of 

(o) 1MQ (b) IkQ 

(c) 0.01 ft (d) 0.0001ft 

32.263. To get maximum undistorted output 
from a CE amplifier with V CE = 10 V, 
V CE(C) should be of the order of 

(a) 0.1 V ( b ) 5 V 

(c) 10 V (d) 10-72 V 

32.264. Under-voltage relays are mostly used 
for 

(a) transformer protection 

(b) bus-bar protection 
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(c) motor protection 

(d) feeder protection 

32.265. The advantage of neutral earthing is 

(a) safety of personnel 

(b) reduction of earth fault current 

(c) elimination of arcing ground 

(d) none of the above 

32.266. Two charges of equal magnitude are 
separated by some distance. If the 
charges are increased by 10%; to get 
the same force between them, their 
separation must be 

(a) increased by 21% 

(b) increased by 10% 

(c) decreased by 10% 

(i d) none of the above is correct 

32.267. When the load on a transmission line is 
equal to the surge impedance loading 

(a) the receiving end voltage is less 
than the sending end voltage 

(b) the sending end voltage is less than 
the receiving end voltage 

(c) the receiving end voltage is equal 
to the sending end voltage 

(d) none of these 

32.268. The full scale input voltage to an ADC 
is 10 V. The resolution required is 5 
mV. The minimum number of bits re¬ 
quired for ADC is 

(a) 8 ( b ) 10 

(c) 11 (d) 12 

32.269. Poles of dc machines are often lami¬ 
nated to 

(a) reduce pulsation loss 

( b ) reduce armature reaction 

(c) reduce iron weight 

(d) dissipate more heat 

32.270. A thermo-couple arrangement is to be 
used to measure temperature in the 
range of 700-800°C. Point out the pair 
that would be most suitable for this ap¬ 
plication. 

(a) copper-constantan 

(b) iron-constantan 

(c) chromel-alumel 

(d) platinum-platinum rhodium 

32.271. Width of carbon brush should be equal to 
(a) less than the width of one com- 

mutaor segment 
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(b) the width of 1 and 2 commutator 
segments 

(c) the width of 2 and 3 commutator 
segments 

(d) the width of more than 3 commu¬ 
tator segments 

32.272. The ac bridge that can accurately de¬ 
termine the excitation frequency is 

(a) Maxwell bridge 
(i b ) Anderson bridge 

(c) Wien bridge 

(d) Schering bridge 

32.273. For delineating a sinusoidal waveform 
on the screen of a CRO, the required 
time base voltage waveform must be 

(a) sinusoidal (b) sawtooth 

(c) exponential ( d) square 

32.274. With bundled conductors 

(a) the corona inception voltage in¬ 
creases 

(b) the corona inception voltage de¬ 
creases 

(c) the corona inception voltage re¬ 
mains unaffected 

32.275. The A B C D constants of a 3 phase 
transposed transmission line with lin¬ 
ear and passive elements 

(а) are always equal 

(б) never equal 

(c) A and D are equal 

(d) B and C are equal 

32.276. A synchronous phase modifier as com¬ 
pared to synchronous motor of the same 
rating has 

(a) large shaft diameter and higher 
1 speed 

(b) smaller shaft diameter and higher 
speed 

(c) large shaft diameter and smaller 
speed 

(d) smaller shaft diameter and smaller 
speed 

32.277. The transfer function of a system is de¬ 
fined as the 

(a) Laplace transform of the impulse 
response 

(b) step response 

(c) response due to an exponentially 
varying input 


32.278. Arc-chutes are used in 

(a) oil circuit breakers 

(b) vacuum circuit breakers 

(c) SF r> circuit breakers 

(d) air blast circuit breakers 

32.279. Root locus diagram can be used to de¬ 
termine 

(a) abosolute stability 

(b) relative stability 

(c) conditional stability 
(< d) none of the above 

32.280. Bourdon tubes are made of 

(a) copper (6) aluminium 
(c) metal aloys (d) phosphorus 

32.281. Fuel cell converts chemical energy into 

(a) heat energy 

( b ) low-voltage direct current electri¬ 
cal energy 

(c) low-voltage alternating current 
electrical energy 

( d) mechanical energy 

32.282. Unbalanced magnetic pull is propor¬ 
tional 

(a) directly with d 

(b) inversely with d 

(c) directly with d 2 

(d) inversely with d 2 

32.283. A pair of synchros is used in ac posi¬ 
tion control system 

(a) true ( b ) false 

(c) perhaps true ( d ) may be false 

32.284. 66 kV is suitable for transmission of 
power over 

(a) 30 km (b) 66 km 
(c) 120 km (d) 200 km 

32.285. An adjustable blade propeller turbine 
is called a 

(а) Pelton turbine 

(б) Kaplan turbine 

(c) Francis turbine 

(d) high head turbine 

(e) none of them 

32.286. Corona is accompanied by 

(a) violet visible discharge in darkness 

( b ) hissing sound 

(c) vibration 

(d) power loss 

(e) radio interference 
(/) ozone 

( g ) all of the above 
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32.287. Which of the following classes of. am¬ 
plifiers has maximum distortion? 

(a) Class A ( b ) Class B 

(c) Class AB (d) Class C 

32.288. Silicon content in iron laminations is 
kept within 5% as it 

(a) increases hysteresis loss 

(b) increases cost 

(c) makes the material brittle 

(d) reduces the curie point 

32.289. Caters coefficient is applicable for esti¬ 
mating 

(a) requirement for air gap mmf 

( b ) flux distribution in air gap 

(c) length of air gap 

( d ) no-load loss 

32.290. Mho relays have an R-X plane charac¬ 
teristic depicted by 

(a) a straight line passing through ori¬ 
gin 

( b ) a straight line parallel to X-axis 

(c) a straight line parallel to R-axis 

(d) a circle passing through origin 

32.291. The input gate current of a FET is of 
the order of 

(a) few micro-amperes 

(b) negligible 

(c) few milli-amperes 

( d ) few amperes 

32.292. Which of the following equipments is 
installed in steam power plants to re¬ 
duce air pollution? 

(a) Desuperheater 

( b ) Air filter 

(c) Air electrostatic precipitator 

(d) Stock 

(e) None of them 

32.293. An amplifier has gain without feedback 

as 10. To make it oscillate P must be 

(a) 0,2 ( b ) 0.1 

(c) 0.5 x (d) 0.8 

32.294. If the frequency of input voltage of 
transformer is increased keeping the 
magnitude of voltage unchanged, then 

(a) both hysteresis loss and eddy cur¬ 
rent loss in the core will increase 

(b) hysteresis loss will increase but 
eddy current loss will decrease 
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(c) hysteresis loss will decrease but 
eddy current loss will increase 

(d) hysteresis loss will decrease but 
eddy current loss will remain un¬ 
changed 

32.295. Field effect transistor has 

(а) large input impedance 

(б) large output impedance 

(c) large power gain 

(d) small voltage gain 

32.296. The gain of a voltage follower is 

(а) greater than 1 

(б) exactly equal to one 

(c) slightly less than 1 

(d) zero 

32.297. The following detector is generally used 
in ac bridges for audio frequency range 
(a) ac voltmeter ( b ) CRO 

(c) head phones 

32.298. The permissible variation of frequency 
in power system is 

. (a) ±1% (6) ±3% 

(c) ±5% (d) ±10% 

32.299. Speed of the universal motor is 

(a) dependent on frequency of supply. 

(b) proportional to frequency of supply 

(c) independent of frequency of supply 

(d) none of the above 

32.300. If all the dimensions of a transformer 
are doubled its iron loss will be 

(a) half (6) double 

(c) four times (d) eight times 

32.301. The ac bridge that can accurately de¬ 
termine the excitation frequency is 

(a) Maxwell bridge 

(b) Anderson bridge 

(c) Wien bridge 

( d) Schering bridge 

32.302. An 8-bit DA converter has a maximum 
output voltage of 2 V. If V. #j = 1.5 V, the 
digital output at the-end of conversion 
will be 

(a) 0001 1100 (b) 0010 0011 

(c) 0110 0000 (d) 1100 0000 

32.303. AC bridges 

(а) have leakage error and eddy cur¬ 
rent errors only 

(б) have residual errors, frequency er¬ 
rors and waveform errors only 
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(c) both (a) and ( b ) 32.312. The efficiency of a dc shunt generator 


(d) are free from errors ' 

32.304. The ratio of puncture voltage to the 
flashover voltage of a line insulator is 

(a) equal to 1 

( b ) , lower than 1 

(c) much greater than 1 

32.305. In a double revolving field theory of 
single-phase induction motor, the slip 
of the forward motor is S then the slip 
of the back-ward motor is 

(a) 2S (6) S 

(c) 2-S (d) S-2 

32.306. A 2kVA transformer has iron loss of 
150 W and full load copper loss of 250 
W. The maximum efficiency of the 
transformer would occur when the to¬ 
tal loss is 

(a) 500 W .(b) 400 W 
(c) 300 W (d) 275 W 

32.307. Minimum oil circuit breakers use oil 
for 

(a) arc quenching only 

( b ) insulation only 

(c) cooling only 

(d) lubrication only 

32.308. Power transmission by cable is gener¬ 
ally adopted for line lengths 

(a) above 100 km 

(b) upto 200 km 

(c) less than 50 km 

(d) less than 10 km 

32.309. A 210 MW generator should be cooled 
by 

(a) water ( b ) air 

(c) ice (d) hydrogen 

(e) none of them 

32.310. A-A has the logic value 

(a) 0 (b) 1_ 

(c) A (d) A 

32.311. A 220 V shunt motor develops a torque 
of 54 Nm at an armature current of 10 
A. The torque developed when the ar¬ 
mature current is 20 A is 

(a) 54 Nm 
(i b ) 81 Nm 

(c) 108 Nm 

(d) none of the above 


is maximum when the 
(a) magnetic losses are equal to me¬ 
chanical losses 

. (6) field copper losses are equal to cop¬ 
per losses 

(c) stray losses equal constant losses 

(d) armature copper losses equal con¬ 
stant losses 

32.313. Synchronous reactance of alternator 
represents 

(a) armature reactance and leakage re¬ 
actance 

(b) a reactance operating at synchro¬ 
nous speed 

(c ) field winding reactance 

(d) a reactance connected in series with 
a synchronous generator 

32.314. The emf induced in a conductor rotat¬ 
ing in a bipolar field is 

(a) dc (b) ac 

(c) dc and ac both 

(d) none of these 

32.315. The power factor of a squirrel cage in¬ 
duction motor is 

(a) low at light loads only 

(b) low at heavy loads only 

(c) low at light and heavy loads both 

(d) low at rated loadtonly 

32.316. A dc motor is running with a certain 
load. The effect of adding an external 
resistance in the shunl; field circuit is 

(a) to increase the motor speed 

( b ) to reduce the motor speed 

(c) to reduce the armature current of 
motor 

(d) to stop the motor 

32.317. The full load slip of a 60 Hfc, 12-pole 
squirrel cage induction motor is 5%. Its 
full load speed is 

(a) 600 rpm (6) 570 rpm 

(c) 500 rpm (d) 475 rpm 

32.318. The frequency of rotor currents at stand 
still is equal to 

(a) zero (b) 2f 

(c) f (d) S f 

32.319. The direction of rotation of a dc shunt 
motor can be reversed by inter-changing 
(a) the supply terminals 
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(b) the field terminals only 

(c) the armature terminals only 

(d) either field or armature terminals 

32.320. Resonant frequency f r of a series R-L-C 
circuit is related to half power frequen¬ 
cies f ] and f, as 

(a) fr=47Jl 

(C) f r -h-f X (d) A={JJ].+ JA) 2 

32.321. In an hysteresis motor, the rotor core 
must have 

(a) retentivity ( b ) susceptibility 
(c) resistivity ( d) none of these 

32.322. The iron loss in a 100 kVA transformer 
is 1 kW and the full load copper losses 
are 2 kW, then maximum efficiency oc¬ 
curs at a load of 

(a) 141.4 kVA (6) 70.7 kVA 
(c) 50 kVA (d) 70.7 kW 

32.323. In dc machines, the armature windings 
are placed on the rotor because of the 
necessity for 

(а) electro-mechanical energy conver¬ 
sion 

(б) generation of voltage 

(c) commutation 

(d) development of torque 

32.324. The rotor of a 4-pole, 50 Hz, 3-phase 
slip ring induction motor runs in clock¬ 
wise direction when its stator termi¬ 
nals 1, 2, 3 are connected to supply ter¬ 
minals A, B, C respectively. If 1, 2, 3 
are connected to A, C, B, respectively 
of supply terminals and rotor runs in a 
clock-wise direction at synchronous 
speed, then the frequency of induced 
emf across the open circuited rotor 
terminals is 

(a) 50 Hz (5) zero 

(c) 25 Hz (d) 100 Hz 

32.325. The dynamic resistance of a parallel 
resonant circuit is given by 


(a) 

LC 

*L 

(b) 

LCR l 

(c) 

C 

LR l 

(d) 

L 

CR l 
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32.326. An instantaneous change in voltage is 
not possible in 

(a) a resistor ( b ) an inductor 

(c) a capacitor (d) a current source 

32.327. The dc generator works on the 
principle of 

(a) Fleming's left hand rule 

( b ) Fleming’s right hand rule 

(c) Lenz’s law 

(d) None of these 

32.328. Tme efficiency of a power transformer 
is around 

(a) 50% ( b ) 60% 

(c) 80% (d) 95% 

32.329. An ideal transformer does not change 

(a) voltage (6) power 

(c) current (d) none of these 

32.330. A leading pf load on an alternator im¬ 

plies that its voltage regulation shall be 
(a) positive (b) negative 

(c) zero (d) any one of these 

32.331. A synchronous motor is supplying a 
load at unity pf. If the load on the mo¬ 
tor is increased keeping its excitation 
and terminal voltage constant, the 
power factor 

(а) will remain the same 

(б) will become leading 

(c) will become lagging 

(d) none of the above 

32.332. Which of the following theorems is ap¬ 
plicable for both linear and non-linear 
circuits ? 

(a) Superposition ( b ) Thevenin’s 
(c) Norton’s (d) None of these 

32.333. The pf of a practical inductor is 

(a) unity (6) zero 

(c) lagging (d) leading 

32.334. If a current-carrying coil is placed in a 
uniform magnetic field with its plane 
perpendicular to the direction of mag¬ 
netic induction then 

(o) the net force and torque on the coil 
both, are zero 

(b) the net force is zero but torque is 
finite 

(c) the net force is finite but torque is 

_ zero 

(d) the net force and torque both are 
finite 
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32.335. An induction motor works with 

(a) dc only ( b ) ac only 

(c) ac and dc both 

(d) none of these 

32.336. If the prime-mover of an alternator sup¬ 
plying load to an infinite bus is sud¬ 
denly shut down, then it will 

(a) stop 

(b) continue to run as an alternator 

(c) continue to run as a synchronous 
motor in the reverse direction 

(d) continue to run as a sysnchronous 
motor in the same direction 

32.337. A transformer steps up the voltage by 

a factor 100. The ratio of current in 
the primary to that in the secondary is 

(a) 1 (b) 100 

(c) 0.01 (d) 0.1 

32.338. Which of the plants is suitable for peak 
load? 

(a) Diesel engine plant 

(b) Steam power plant 

(c) Nuclear power plant 

(d) Hydro-electric plant 

(e) All of them 
3^2.339. List 1 

A. Conversion of a 
milliammeter 
into a voltmeter 


B. Extension of an 
ammeter range 

C. Extension of an 
ac voltmeter 
range 

D. Conversion of an 
ac voltmeter into 
an ac ammeter 


List 2 

1. Use of a shunt 

2. Use of a non- 
inductive series 
resistance 

3. Use of a poten¬ 
tial transformer 

4. Use of a current 
transformer 


Codes:A 

(a) 1 

(b) 2 

(c) 3 

(d) 2 


B 

2 

3 

4 

1 


C 

3 

4 
1 
3 


D 

4 

1 

2 

4 


32.340. In MI instruments, the deflection is pro¬ 
portional to 


32.341. When a synchronous generator is de¬ 
signed with lower SCR it 

(a) will give higher stability limite 

(b) will have lower SC current — 

(c) will give better voltage regulation 

(d) will have high synchronizing power 

32.342. For a soft magnetic material there will 
be 

(a) steeply rising magnetization curve 

(b) relatively narrow and small hyster¬ 
esis loop 

(c) less energy loss per cycle of mag¬ 
netization 

(d) all the above 

32.343. Both voltage and current signals are 
required for 

(а) a plain over-current relay 

(б) a differential relay 

(c) a directional relay 

(d) a biased differential relay 

32.344. For ground fault, we prefer 

(a) plain impedance relay 

(b) direction relay 

(c) reactance relay 

(d) over-current relay 

32.345. Most of the generators in thermal power 
plants run at 

(a) 15000 rpm (6) 3000 rpm 
(c) 1500 rpm (d) 1000 rpm 

(e) 750 rpm 

32.346. Diversity factor in a power system is 

(a) always less than unity 

( b ) normally less than unity 

(c) always more than unity 

(d) normally more than unity 

32.347. Diversity factor x maximum demand is 

(a) average demand 

(b) sum of consumer's maximum de¬ 
mands 

(c) installed capacity 

(d) generated power 

32.348. In a dc machine if the number of slots 
in the armature are more 

(а) cooling is likely to be poor 

(б) commutation will be poor 

(c) cost will be more 

(d) the flux pulsation will be more 

32.349. To measure* 2 volts, if one selects 0-100 



dL 

... M 

volt range voltmeter which is accurate 

(a) 

dQ 

(b) 7l 

within ±1% the error in his/her mea¬ 




surement may be upto 

(c) 

d 2 L 

dQ 2 

/ r. rf 2 ® 

(a) ± 0.02% (b) ± 1% 
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'i 

(c) ± 2% (d) ± 50% 

32.350. The relay used for feeder protection is 

(a) under-voltage relay 

( b ) Translay relay 

(c) thermal relay 

(d) Buchholz relay 

32.351. To increase the transmission capa-bility 
of a high voltage long line 

(a) the resistance can be increased 

( b ) the resistance can be decreased 

(c) the series reactance can be reduced 

(d) the shunt admittance can be re¬ 
duced 

32.352. Two capacitors each having capci-tance 
C and breakdown voltage V are joined 
in series. The capacitance and break¬ 
down voltage of the combination will be 

(a) 2C and 2V ( b ) ~ and y 

(c) 2 C and y (d) y and 2V 

32.353. The damping ratio of the charac-teristic 
equiation s 2 +2s + 8 = 0 is 

(a) 0.353 ( b ) 0.350 

(c) 0.30 (d) 0.333 

32.354. The dielectric strength pf air under nor¬ 
mal conditions is around 

(a) 30 kV/cm (6) 100 kV/cm 

(c) 150 kV/cm ( d) 200 kV/cm 

32.355. The dimensions of force in SI system are 

(a) LMT 1 (fe) LMT- 2 

(c) LMT (d) LMT 2 

32.356. Multi-step core is used in a transformer 
to 

(a) increase the output 

( b ) decrease the cost of core material 

(c) decrease the cost of copper 

(d) increase the efficiency 

32.357. By burden of the relay, we generally 
mean 

(a) volt-ampere rating of relay 

(b) current rating of relay 

(c) voltage rating of relay 

(d) watt rating of relay 

32.358. The overshoot of the system having the 
transfer function 

16k 

s(.y 2 +2s+ 16) 
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for a unit step input applied would be 

(a) 60% (b) 40% 

(c) 20% (d) 10% 

32.359. A generating station which has a high 

investment cost and low operating cost 
is usually operated as a 

(a) peak load station 

( b ) base load station 

(c) medium load station 

(d) None of the above 

32.360. The transient stability limit of the 
power system can be improved by 

(a) high speed circuit breakers 

(b ) dispensing with neutral earthing 

(c) increasing the severity of faults 

(d) using low inertia machines 

32.361. For a short line if the receiving end 
voltage is equal to sending end voltage 
under loaded conditions 

(а) the sending end power factor is 
unity 

(б) the receiving end power factor is 
unity 

(c) the sending end power factor is 
leading 

(d) the receiving end power factor is 
leading 

32.362. When a 3-phase induction motor is de¬ 
signed with higher value of B m it will 
give 

(a) ; better full-load power factor 

(b) a higher starting torque 

(c) higher full load efficiency 

(d) higher over-load capacity 

32.363. Relay contacts are normally made up 
of 

(a) silver contact 

(b ) copper contact 

(c) platinum contact 

(d) steel contact 

32.364. For the transistor to work as an ampli¬ 
fier 

(a) the base emitter junction should be 
forward biased 

(b) reverse biased (c) none of these 

32.365. To prevent the loading of a circuit un¬ 
der test, the input impedance of the 
CRO must be 

(a) very low (b) very high 
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(c) inductive (d) capacitive 

32.366. To meet the reactive power require¬ 
ments at load centres usually 

(a) shunt capacitors are used 

(b) series capacitors are used 

(c) tap changing transformers are used 

(d) shunt reactors are used 

32.367. A graphical representation of the dis¬ 
charge and time is known as 

(а) load curve 

(б) load duration curve 

(c) monograph (d) hectograph 

(e) , hydrograph 

32.368. Two’s complement of a binary number 
1010 is 

(a) 0101 ( b ) 0000 

(c) 0110 (d) 1001 

32.369. If L, C and Y are the inductance, ca¬ 
pacitance and shunt admittance of a 
line per unit length, then for length l 

(a) the shunt admittance is Y.Z 

( b ) the inductance is L fl 

(c) the capacitance is C/Z 

(d) the shunt admittance is Y/Z 

32.370. Dissipation factor of a capacitor can be 
determined by using a 

(a) De Sauty’s bridge 

( b ) Anderson bridge 

(c) Hay’s bridge 

(cZ) Kelvin’s double arm bridge 

32.371. Which of the following exhibits very 
high input impedance ? 

(a) p-n-p transistor 

( b ) n-p-n transistor - 

(c) FET 

(d) none of the above 

32.372. Piezo-electric crystals are used for the 
measurement of 

(a) temperature (b) velocity 
( c ) sound (d) none of the above 

32.373. Which of the following should be incor¬ 
porated in the RTD to make a tempera¬ 
ture sensing bridge most sensitive to 
temperature? 

(a) Platinum ( b ) Nickel 
(c) Thermistor (d) Copper 

32.374. To reduce corona effect usually 

(a) the distance between the conduc¬ 
tors is reduced 

( b ) the conductor diameter is reduced 


(c) bundled conductors are used 

(d) stranded conductors are used 

32.375. Buchholz relay is used for protection in 
case of a 

(a) transformer 

(b) synchronous generator 

(c) bus-bar 

(d) induction motor 

32.376. Back-to-back HVDC is used to 

(a) increase the transmission capabil- 
ity 

(fc) decrease line losses 

(c) provide stable interconnection 

(d) reduce voltage drop 

32.377. With the feedback system, the transient 
response 

(a) decays slowly (6) decays rapidly 
(c) rise slowly (d) reises quickly 

32.378. The impedance relaying scheme is used 
for protection of 

(a) transformer ( b ) bus-bar 

(c) synchronous generator 

(d) transmission line 

32.379. In a thermocopule element, heat energy 
transferred to the hot junction is con¬ 
verted back to electrical energy by 

(а) Johnson’s effect 

(б) Seebeck effect 

(c) Hall effect 

(d) Faraday’s effect 

32.380. Bundled conductors are mainly used 

(а) to increase the shunt capacitance 

(б) to decrease the shunt capacitance 

(c) to increase the series reactance 

(d) to decrease the series reactance 

32.381. Piezo-electric crystals produce an emf 

(а) when external mechanical force is 
applied to it 

(б) when external magnetic field is ap¬ 
plied 

(c) when radiant energy stimulates the 
crystal 

(d) when the junction of two such crys¬ 
tals is heated 

32.382. Integrating meters are used for the 
measurement of 

(a) voltage ( b ) current 

(c) phase (d) energy 
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32.383. In the protection scheme, relay func¬ 
tions as a 

(o) switching device 

(b) sensing device 

(c) breaking device 

(d) none of the above 

32.384. FET input stage is used in an ampli¬ 
fier to increase its 

(a) output impedance 

(b) input imedance 

(c) frequency bandwidth 

(d) power handling capacity 

32.385. HRC fuses provide best protection 
against 

(a) short-circuit (b) lightning 
(c) sparking (d) fire 

32.386. For the same voltage drop, increasing 
the voltage of a distributor n -times 

(a) reduces the X-section of the con¬ 
ductor by rc-times 

(b) increases the X-section of the con¬ 
ductor by n-times 

(c) reduces the X-section of the con¬ 
ductor by n 2 rtimes 

(d) increases the X-section of the con¬ 
ductor by n 2 -times 

32.387. A capacitance C is charged through a 
resistance R. The time constant of the 
charging circuit is given by 

(a) RC (b) C/R 

(c) 1/RC (d) R/C 

32.388. A meter that is capable of measuring 
dc only is 

(o) moving coil (b) moving iron 
(c) thermo-couple (d) none of the above 

32.389. Most of the steam turbo-alternators are 
wound for 

(a) two poles ( b ) six poles 

(c) ten to twenty poles 

(d) twenty to thirty poles 

32.390. The errors committed by a person in 
the measurement are 

(a) gross errors (6) random errors 

(c) instrumental errors 

(d) environmental errors 

32.391. For long EHWUHV transmission fines 
we normally use 

(a) air circuit breaker 
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(6) air blast circuit breaker 

(c) oil circuit breaker 

(d) isolating switch 

32.392. LVDT windings are wound on 

(a) steel sheets (laminated) 

( b ) aluminium 

(c) ferrite (d) copper 

32.393. Hay’s bridge is suitable for the mea¬ 
surement of 

(a) inductances with Q>10 

(b) inductances with Q<10 

(c) capacitors with high dissipating fac¬ 
tors 

(d) capacitors with low dissipating fac¬ 
tors 

32.394. Thyristor is 

(a) p-n-p device ( b ) p-p-p device 
( c ) n-n-n-n device (d) none of these 

32.395. The frequency can be measured by 

(a) Anderson bridge 

(b) Hay’s bridge 

(c) Wien bridge (d) Owen bridge 

32.396. Main purpose of oil in OCB is to 

(a) provide insulation 

( b ) provide cooling of contacts 

(c) quench arc 

(d) none of above 

32.397. The number of basic SI units is 

(a) 4 (i b ) 5 

(c) 6 (d) 7 

32.398. Surge impedance of a transmission fine is 

(a) independent of its length 

(b) dependent on its length 

(c) either of the above 

32.399. Farad is the unit of 

(a) inductance (b) voltage 
(c) current (d) capacitance 

32.400. The area under the load curve repre¬ 
sents 

(a) system voltage 

(b) current 

(c) energy consumed 

(d) maximum demand 

( e ) average demand 

32.401. The operation of a JFET involves 

(a) flow of majority carriers 

(b) flow of minority carriers 

(c) flow of both carriers 

(d) none of the above 
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32.402. A gas turbine works on 

(a) Carnot cycle ( b) Brayton cycle 
(c) Dual cycle (d) Rankine cycle 
(e) Regenerative cycle 

32.403. An audio-oscillator uses 

(a) positive feedback 

(b) negative feedback 

(c) both positive and negative feed¬ 
back 

(d) none of these 

32.404. Compensating winding in a dc machine 

(a) counteracts armature mmf in the 

interpolar zone 
(i b ) prevents large speed drop 

( c ) shunts most of the armature current 

(d) performs none of the above 

32.405. A transformer has hysteresis loss of 
30W, at 240 V, 60 Hz. The hysteresis 
loss at 200V, 50 Hz will be 

(a) 28 W (b) 25 W 

(c) 30 W (d) 36 W 

32.406. Drop in terminal voltage of an alterna¬ 
tor due to armature reaction is coun¬ 
tered by 

(а) da mper wi nding 

(б) effect of saliency 

(c) increased prime-mover output 

(d) automatic voltage regulator 

32.407. A series R-C circuit is suddenly con¬ 
nected to a dc voltage of V volts. The 
current in the series circuit, just after 
the switch is closed, is equal to 

V 

(a) zero ( b ) — 


32.408. A synchronous motor is connected to a 
constant voltage, constant supply fre¬ 
quency. The motor is initially operated 
at lagging power factor, when the field 
current is increased 

(a) the load angle increases 

( b ) the power input increases 

(c) the power factor decreases 

(d) the armature current decreases upto 
a certain limit and then increases 

32^409. 1 kVA, 230 V, 50 Hz, single phase 
transformer has an eddy current loss 


of 30 watts. The eddy current loss when 
the transformer is excited by a dc source 
of same voltage willjbe 
(a) 30 W \b) more than 30 W 

(c) less than 30 W (d) zero W 

32.410. In the transformer circuit mode, the 
core loss is represented as a 

(a) series resistance 

(b) series inductance 

(c) shunt resistance 

(d) shunt inductance 

32.411. Three 1 : 5 single phase transformers 
have their primaries connected in delta 
and the secondaries kx star to supply a 3- 
phase load from a 400 V, 3-phase source. 
The line voltage on the load side is 

(a) 2000 V (b) 80 V 

(c) 3464 V (d) 80^3 V 

32.412. Asynchronous generator has its field win¬ 
ding on the rotor and armature winding 
on the stator. When running under steady 
state conditions its air gap field is 

(a) stationary with respect to stator 

(b) rotating at synchronous speed with 
respect to rotor 

(c) rotating at synchronous speed ag¬ 
ainst the direction of rotor rotation 

(d) rotating at synchronous speed in 
the direction of rotor rotation 

32.413. Corona loss in a transmission line is 
dependent on 

(а) diameter of the conductor 

(б) material of the conductor 
(c) height of the conductor 

32.414. The type of instrument to be used for 
measuring dc voltage is 

(a) moving coil meter 

(b) dynamometer type meter 

(c) inductive type meter 

(d) rectifier ltype instrument 

32.415. Induction type wattmeters can be used 
to measure 

(a) ac power (6) dc power 

(c) both ac and dc powers 

(d) energy 

32.416. The degree of reproducibility among 
several independent measurements of 
same true value under reference condi- 
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tions is known as 

(a) accuracy ( b ) precision 

(c) linearity (d) calibration 

32.417. Maximum temperature limit for class 
F insulation is 
(o) 105°C (b) 120°C 

(c) 130°C (d) 155°C 

.32.418. A dc shunt motor does not operate on 
ac due to 

(a) low resistance of armature circuit 

( b ) high resistance of field circuit 

(c) high inductance of field circuit 

( d) reversal of polarity 

32.419. Thyristor is nothing but a 

(а) controlled switch 

(б) controlled transistor 

(i c ) amplifier with large current rat¬ 
ing 

( d ) amplifier with higher gain 

32.420. The presence of earth in case of over¬ 
head lines 

(a) increases the capacitance 

(b) increases the inductance 

(c) decreases the capacitance 

(i d ) decreases the inductance 

32.421. The size of conductor on modern EHV 
lines is obtained based on 

(a) voltage drop (b) current density 
* (c) corona (d) skin effect 

32.422. The value of reheat factor for a multi¬ 

stage steam turbine lies in the range of 

(a) 1.005 to 1.03 ( b ) 1.01 to 1.06 

(c) 1.02 to 1.1 (d) 1.10 to 1.2 

32.423. For surface temperature measurement 
one can use. 

(a) strain gauge ( b) diaphragm 
(c) RTD (d) thermocouple 

32.424. The mutual inductance between two 
closely coupled coils is 1H. Now the turns 
of one coil is decreased to half and those 
of the other are doubled. The new value 
of mutual inductance would be 


(a) 

2 H 

0 b ) 2 fI 

(c) 

1.1 

4 

(d) 1 H 

(e) 

4 H : 
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32.425. An alternator with higher value of SCR 
has 

(a) poor voltage regulation and lower 
stability limit 

(b) better voltage regulation and higher 
stability limit 

(c) poor voltage regulation and higher 
stability limit 

(d) better voltage regulation and lower 
stability limit 

32.426. Wien bridge oscillator is basically a 

(а) pulse generator 

(б) sine wave generator 

(c) square wave generator 

(d) triangular wave generator 

32.427. With increase in voltage, the window 
space factor of a transformer 

(а) decreases 

(б) increases 

(c) remains constant 

(d) decreases or increases depending 
upon whether it is a distribution or 
power transformer 

32.428. The string efficiency of a string of sus¬ 
pension insulators is dependent on 

(a) size of the insulators 

( b ) number of discs in the string 

(c) size of tower 

32.429. For a pair of potentiometers acting as 
an error device of a dc servo-system 

(a) input is voltage, output is position 

(b) input is position, output is voltage 

(c) input is position, output is posi¬ 
tion 

(d) input is voltage, output is voltage 

32.430. A root locus is symmetrical about 

(a) real axis (6) imaginary axis 

(c) both real and imaginary axes 

(d) none of these 

32.431. Travelling grate stoker can burn coal 
at the rate of 

(a) 50 to 75 kg/m^h 

( b ) 75 to 100 kg/m^h 

(c) 100 to 150 kg/m 2 h 

(d) 150 to 200 kg/m* 2 h 

32.432. Packing fraction of simple cube is 

(a) 0.48 (b) 0.52 

(c) 0.65 (d) 0.89 
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32.433. In exclusive OR gate, when output is 
zero the inputs are 

(a) 0, 1 (1 b ) 1, 0 

(c) 1,1 (d) 1, x 

32.434. One of the ways to destroy a diode is 

(a) to exceed the current limit in for¬ 
ward direction 

(b) to apply small voltage in the re¬ 
verse direction 

(c) to dip it in water 

(d) to drop on floor 

32.435. Spectrum analyzer is used across the 
frequency spectrum of a given signal to 
study the 

(a) current distribution 

(b) voltage distribution 

(c) energy distribution 

(d) power distribution 

32.436. The purpose of the moderator in a 
nuclear power plant is to 

(a) control the flow of water inlet 

(b) control the amount of nuclear fuel 
into the reactor 

(c) control the nuclear fission or fis¬ 
sion rate by slowing down the neu¬ 
trons 

(d) control the steam flow to the tur¬ 
bine 

(e) none of the above 

32.437. In order to have lower cost of electrical 
energy generation it is required to have 

(a) low load factor and low diversity 
factor 

(b) low load factor but high diversity 
factor 

(c) high load factor but low diversity 
factor 

(d) high load factor and high diversity 
factor 

32.438. Air gap at the pole tips of a dc machine 
is kept more than that at the centre of 
the pole mainly to reduce 

(a) reactance voltage 

( b ) effect of armature reaction 

(c) losses in armature core 

(d) noise of machine 

32.439. Supplementary units added to the ba¬ 
sic SI units are 

(a) 2 (b) 3 


32.39 

(c) 4 (d) 5 

32.440. High voltage transmission lines are 
transposed because then 

(a) corona losses can be minimized 

( b ) computation of inductance becomes 
easier 

(c) voltage drop in the lines can be 
minimized 

(d) phase voltage imbalances can be 
minimized 

32.441. The purpose of the boiler feed pump is 
to 

(a) pump hot air into the boiler 

(b) pump pulverised coal into the 
boiler 

(c) pump out steam from the boiler 

(d) pump water into the boiler 

(e) none of the above 

32.442. What is the arrangement of windings 
in a core type single phase trans¬ 
former? 

(а) Half LV inside and half HV out¬ 
side on each core limb 

(б) LV on one core limb and HV on the 
other 

(c) Sandwiched LV and HV discs on 
each core limb 

(d) Half HV inside and half LV out¬ 
side on each core limb 

32.443. The main function of economiser of a 
boiler plant is to 

(a) increase steam production 

(b) reduce fuel consumption 

(c) increase steam pressure 

(d) increase life of the boiler 

32.444. In a load duration curve for an integrated 
power system the suppermost crest rep¬ 
resents the energy contributed by 

(a) base power stations 

(b) major thermal stations 

(c) peaking hydro or gas turbine sta¬ 
tions 

(d) non-conventional power stations 

(e) none of the above 

32.445. In an interconnected power system the 
increase in the field current in any gen¬ 
erating unit causes 

(a) increase in active power flow from 
the unit to rest of the system 
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(b) increase in reactive power flow from 
the unit to the rest of the system 

(c) decrease in active power and in¬ 
crease in reactive power flow from 
the unit 

(d) increase in both active and reac¬ 
tive power flow from the unit 

32.446. A lap wound dc machine has 400 con¬ 
ductors and 8 poles. The voltage in¬ 
duced per conductor is 2 volts. The ma¬ 
chine generates a voltage of 

(a) 100 V (b) 200 V 

(c) 400 V .(d) 800 V 

32.447. The efficiency of an instruments is de¬ 
fined as the ratio of the measured quan¬ 
tity at full scale to the power taken by 
the instrument at 

(a) one-fourth scale 

(b) half scale 

(c) three-fourth scale 

(d) full scale 

32.448. The number of 2pf, 400 V capacitors 
required 1.5 pF rated for 1600 V is 

(a) 12 ( b ) 8 

(c) 6 (d) 4 

32.449. The scale of a dynamometer type instru¬ 
ment marked in terms of rms value 
would be 

(a) uniform throughout 

(b) non-uniform crowded near full scale 

(c) non-uniform crowded at the begin¬ 
ning 

(d) non-uniform crowded around mid¬ 
scale 

32.450. Which one of the following statements 
is not true for an ac servo-motor ? 

(a) Has low inertia rotor 

(b) Is a single phase motor 

(c) Has slip torque characteristic as 
straight line with negative slope 

(d) Reference voltage frequency is high 
compared to signal frequency 

32.451. In a transmission system, the weight 
of copper used is proportional to 

(a) E* (b) E 

(c) 1/E* (d) 1/E 

32.452. A parallel plate capacitor has air as 
dielectric. The pd between two plates 
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of the capacitor is 200V. If a dielectric 
of dielectric constant 5 is now intro¬ 
duced fully between the plates, then the 
voltage across the capacitor 
(a) becomes 40 volts 
^ ( b ) becomes 1000 volts 

(c) becomes 5000 volts 

(d) remains 200 volts as before 

32.453. A parallel plate capacitor has capaci¬ 
tance of 10 pF. If the linear dimensions 
of the plates are doubled and the sepa¬ 
ration between them is also doubled the 
value of the capacitor would be 

(a) 10 pF ( b ) 20 pF 

(c) 5 pF (d) 40 pF 

32.454. In a cable of conductor diameter ‘d’ and 
overall diameter with dielectric mate¬ 
rial ‘D\ the maximum dielectric stress. 

(а) occurs at the conductor surface and 
is proportional to d 

(б) occurs at the conductor surface and 
is proportional to 1/d 

(c) occurs at the middle of the dielec¬ 
tric and is proportional to 1/D 

(d) occurs at the outer surface of the 
dielectric and is proportional to D 

32.455. Time delay and phase can be measured 
by using a 

(a) VTVM (b) CRO 

(c) TVM (d) PMMC 

32.456. A single phase reluctance motor 

(a) has salient pole rotor structure and 
runs at subsynchronous speed 

(b) has salient pole rotor structure and 
runs at super-synchronous speed 

(c) has salient pole rotor structure and 
runs at synchronous speed 

(d) has non-salient pole rotor structure 
and runs at synchronous speed 

32.457. Leakage reactance per phase of the sta¬ 
tor of a polyphase induction motor is 
1.0 ohm. The turns per phase of the 
stator are increased by 10%. The leak¬ 
age reactance is then equal to 

(a) (1.1)* (b) (0.9)* 

(c) 1/(1.1) 2 (d) 1/(0.9) 2 

32.458. Electrolyte solution in a standard satu¬ 
rated Weston cell is 

(a) cadmium sulphate 


Downloaded From : www.EasyEngineering.net 


Downloaded From : www.EasyEngineering.net 


U.P.S.C. AND OTHER COMPETITIVE EXAMINATIONS QUESTIONS 32.41 


(b) potassium sulphate 

(c) magnesium sulphate 

(d) zinc sulphate 

32.459. In order to reduce hysteresis loss 

(a) core may be laminated 

(i b ) silicon steel may be used as the core 
material 

(c) core may be constructed with any 
permanent magnet material such 
as alnico 

(d) core may be impregnated with var¬ 
nish 

32.460. Phase splitting can be accomplished in 
a single phase induction motor 

(а) only by adding a capacitor in se¬ 
ries with the auxiliary winding 

(б) only by causing the auxiliary wind¬ 
ing to have high reactance 

(c) only by causing the auxiliary wind¬ 
ing to have low resistance 

(d) by any one of the above three meth¬ 
ods 

'32.461. The effect of bonding the cable is 

(a) to increase the effective resistance 
and inductance . 

(i b ) to increase the effective resistance 
but reduce inductance 

(c) to reduce the effective resistance 
and inductance 

(d) to reduce the effective resistance 
but increase the inductance 

32.462. In a single phase hysteresis motor 

(а) starting torque is caused by both 
eddy current and hysteresis while 
the run-ning torque is caused by 
hysteresis 

(б) starting as well as running torques 
are caused by both eddy current 
and hysteresis 

(c) starting torque is caused by only 
eddy current while running torque 
is caused by only hysteresis 

(d) starting as well as running torques 
both are caused by only hysteresis 

32.463. A transformer having constant flux and 
constant current density, designed for 
minimum cost must satisfy the following 
relation 

(a) iron loss = copper loss. 


(b) weight of iron = weight of copper, 

weight of iron specific cost of copper 

(o) —- 

weight of copper specific cost of iron 

weight of iron specific cost of iron 

^ weight of copper specific cost of copper 

32.464. The function of the economiser is to 

(а) heat up the incoming water with 
exhaust steam 

(б) heat up the pulverised fuel by ex¬ 
haust gases 

(c) heat up the incoming air by exhaust 
gases 

(d) heat up the incoming water by ex¬ 
haust gases 

32.465. If the frequency of a transmission sys¬ 
tem is changed from 50 Hz to 100 Hz, 
the string efficiency 

(a) will increase (b) will decrease 

(c) remain unchanged 

(d) may increase or decrease depend¬ 
ing on the line parameters 

32.466. Forbidden band is largest in 

(a) conductor (6) semiconductor 
(c) insulator 

32.467. For a specific open circuit voltage of a 
dc generator, the short-circuit current 
will be maximum when it is 

(a) separately excited 

( b ) shunt connected 

(c) cumulatively compounded 

(d) differentially compounded 

32.468. To eliminate the 5th harmonic from the 
emf generated in an alternator, the 
pitch fraction will be 

(a) 4/5 ( b ) 5/4 

(c) 5/6 (d) 6/5 

32.469. The maximum possible speed at which 
an alternator can be driven to generate 
50Hz and 4000 V is 

(a) 4000 rpm ( b ) 3600 rpm 

(c) 3000 rpm (d) 1500 rpm 

32.470. When the supply terminals of a dc 
shunt motor are interchanged 

(a) the motor will stop 

(b) the motor will run at its normal speed 
in the same direction as before 

(c) the direction of rotation will reverse 

(d) the motor will run much faster in 
the same direction 
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32.471. When a battery of E volts is suddenly 
applied across and ideal inductance of 
L henry, the current through inductance 
will be 

(a) zero 

(b) infinity instantaneously 

(c) increasing linearly at the rate of 

— amperes/s 

32.472. A p-pole lap wound dc machine has an 
armature current I . The conductor cur- 

a 

rent in the armature winding is 

(a) I„ (6) I Jp 

(c) pl (i (d) none of above 

32.473. While performing short-circuit test on 
a transformer the impressed voltage 
magnitude is kept constant but the fre¬ 
quency is increased. The short circuit 
current will 

(a) increase ( b ) decrease 
(c) remain the same 
(i d) none of the above 

32.474. The stator referred resistance in the 
equivalent circuit of an induction mo¬ 
tor, representing mechanical output is 

<“> T <» '’(H 

<0 | w 

32.475. In a transformer, the exciting current 
will be in phase quadrature with the 
impressed voltage provided 

(a) only the leakage impedance drop is 
ignored 

(b) only the core loss is ignored 

(c) both the leakage impedance drop 
and the core loss are ignored 

(i d) only the no-load copper loss is ignored 

32.476. Armature reaction in a synchronous 
motor at rated voltage and zero power 
factor (lead ) is 

(а) magnetising 

(б) cross-magnetising 

(c) both magnetising and cross-magne¬ 
tising. 

(d) demagnetising 
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32.477. The quality factor of R-L-C circuit will 
increase if 

(a) R decreases (6) R increases 
(c) voltage increases 

32.478. A dc shunt motor drives a load at rated 
speed and supply voltage. If both the 
load and voltage are halved, the speed 
of the motor will be 

(а) almost doubled 

(б) almost halved 

(c) the rated speed 

(d) slightly less than the rated speed 

32.479. A 3-phase induction motor runs at su¬ 
per synchronous speed. For self excita¬ 
tion the machine 

(a) draws real power from the mains 

(b) draws reactive power from the 
mains 

(c) feeds reactive power to the mains 

(d) generates emf at the expense of 
resi-dual magnetism 

32.480. T is the load torque of a dc series mo¬ 
tor having linear magnetization and 
negligible armature resistance. Speed 
of the motor is 

(a) inversely proportional to Jj 

( b ) directly proportional to Jj 

(c) inversely proportional to T 2 

(d) directly proportional to T 2 

32.481. In a series R-L-C circuit at resonance 

(а) impedance is maximum 

(б) admittance is maximum 

(c) impedance is purely reactive 

(d) current is minimum 

32.482. In an ac circuit if voltage V = (a + jb ) 
and current I = (c + jd), then the power 
is given by 

(a) ac + ad ( b ) ac + bd 

(c) be - ad (d) be + ad 

32.483. A 3-phase, 400 V, 4-pole induction mo¬ 
tor is fed from a 3-phase, 400 V, 50 Hz 
supply and runs at 1440 rpm. The fre¬ 
quency of rotor emf is 

(a) 2 Hz ( b ) 50 Hz 

(c) 48 Hz (d) zero Hz 

32.484. If two synchronous generators are con¬ 
nected, loss of synchronism will result in 
(a) stalling of generators 


Downloaded From : www.EasyEngineering.net 



Downloaded From : www.EasyEngineering.net 


U.P.S.C. AND OTHER COMPETITIVE EXAMINATIONS QUESTIONS 32.43 


( b ) wild fluctuations in current 

(c) wild fluctuations in current and 

'z, .. ' voltage 

id) none of the above 

32.485. For stable operation of inter-connected 

system, the passive element that can be 
used as the inter-connecting element is 

(a) reactor ( b) resistor 

(c) capa citor 

id) resistor and capacitor 

32.486. Three capacitors each of breakdown 
voltage 500 V are connected in paral¬ 
lel. The breakdown rating of the com¬ 
bination will be 

(a) 500 V . (b) 707 V 
(c) 1000 V id) 2500 V 

32.487. Phase modifier is normally installed in 
case of 

(a) short transmission lines 

( b ) medium length lines 

(c) long lines 

{d) for any length of lines 

32.488. Stringing chart is useful 

(a) for finding the sag in the conductor 

(b) in the design of tower 

(c) in the design of insulator ring 

id) finding the distance between tow¬ 
ers 

32.489. Sheaths are used in cables to 

(а) provide proper insulation 

(б) provide mechanical strength 
(c) prevent ingress of moisture 
id) none of the above 

32.490. In a synchronous generator delivering 
lagging power factor load 

(а) the excitation emf leads terminal 
voltage by the power angle 

(б) the excitation emf lags the termi¬ 
nal voltage by the power angle 

(c) excitation emf leads the terminal 
voltage by the power factor angle 
id) none of the above 

32.491. The leakage resistance of a 50 km long 
cable is 1 MQ. For a 100 km long cable 
it will be 

id) 1MQ (6) 2MQ. 

(c) 0.-66 M£l id) none of the above 


32.492. Coulomb’s law for the force between 
electric charges most closely resembles 
with 

(а) Newton’s Law of motion 

(б) Law of conservation of energy 
(c) Gauss’s theorem 

id) Newton’s law of gravitation 

32.493. The ratio of resistances of a 100 W, 
220 V lamp to that of a 100W, 110 V 
lamp will be, at the respective voltages 

(a) 4 ib) 2 

(c) 1/2 id) 1/4 

32.494. The capacitance between any two con¬ 
ductors of a 3-core cable with sheath 
earthed is 3jliF. The capacitance per 
phase will be 

id) 1.5 jxF (b) 6 |J,F 

(c) 1 jiF id) none of the above 

32.495. Ferranti effect on long overhead line is 
experienced when it is 

(a) lightly loaded 

ib) on full load at unity pf 
(c) on full load at 0.8 pf lead 
id) on any load 

32.496. For dc voltage an inductor 

(а) is virtually a short-circuit 

(б) is virtually an open-circuit 
(c) depends on polarity 

id) depends on magnitude of voltage 

32.497. For speeds higher than say 3000 rpm, 
the machine used is 

(a) induction motor 

ib) synchronous motor 
(c) universal motor 

id) none of the above 

32.498. The inductance of line is minimum 
i when 

id) GMD is high ib) GMR is high 
(c) both GMD and GMR are high 
id) GMD is low but GMR is high 

32.499. Shunt capacitance in an EHV line is 
restored to 

(а) improve the stability 

(б) reduce fault level 
(c) improve the voltage 
id) none of the above 

32.500. The presence of earth in case of over¬ 
head lines 

(a) increases the capacitance 
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(6) increases the inductance 

(c) decreases the capacitance and in¬ 
creases the inductance 

(d) does not effect any of the line cons¬ 
tants 

32.501. The connected load of a consumer is 2 kW 

and his maximum demand is 1.5 kW. The 
demand factor of the consumer is 
(a) 0.75 (6) 0.375 

(c) 1.33 ( d ) none of the above 

32.502. For a transformer to be tested at full 
load conditions but consuming only 
losses from the mains, we do 

(а) load test 

(б) open circuit and short-circuit tests 
(c) back-to-back test 
(i d) none of the above 

32.503. In a transformer operating at constant 
voltage if the input frequency increases, 
the core loss 

(a) increases (6) decreases 

(c) remains constant 

(d) increases as square of the fre¬ 
quency 

32.504. The surge impedance of a 50 km long 

underground cable is 50 £2. For a 25 km 
length it will be 
(a) 25Q (6) 50 a 

( c ) 100 a (d) none of these 

32.505. Magnetizing reactance of a transformer 
is determined by 

(а) short-circuit test 

(б) open-circuit test 

(c) both open-circuit and short-circuit 
tests 

(d) other than the above tests 

32.506. The total capacitance of two consumers 

is 0.03 pF when joined in series and 
0.16 pF when connected in parallel. The 
ratio of two capacitances will be 
(o) 5.33 (6) 2 

(c) 3 (d) 4 

32.507. Core loss in a dc machine occurs in 
(a) armature only (6) pole shoe only 

(c) yoke only 

(d) in all the above three 

32.508. A 200V dc machine has an armature 

resistance of 0.5 a. If the full load ar¬ 
mature current is 30A, the induced emf 
when the machine runs (i) as genera¬ 
tor and (ii) as motor will be respectively , , , 

Downloaded 


(a) 230 V, 170 V (6) 225 V, 175 V 
(c) 185 V, 215 V(d) 215 V, 185 V 

32.509. A circuit component that opposes the 
change in circuit voltage is 

(o) resistance (6) capacitance 
(c) inductance (d) all of the above 

32.510. A choke coil of inductance L and series 
resistance R is shunted by a capacitor 
C. The dynamic impedance of the reso¬ 
nant circuit would be 

RL 

\ 


(a) — 
k ’ LC 

0 b ) 

(C) -k 

(d) 


RLC 

32.511. Which motor can conveniently operate 
at lagging as well as leading power fac¬ 
tor? 

(а) Squirrel cage induction motor 

(б) YVound rotor induction motor 

(c) Synchronous motor 

(d) D C shunt motor 

32.512. The insulating material most commonly 
used for power cables is 

(a) PVC (6) Paper 

(c) rubber 

32.513. The voltage of a bus can be controlled 
by controlling the 

(а) phase angle 

(б) reactive poyrer of the bus 

(c) active power of the bus 

(d) phase apgle and the reactive power 

32.514. A dc series fnotor develops a torque of 
2GNm at 3A of load current. If the cur¬ 
rent is increased to 6A, the torque 
devloped will be 

(a) 10 Nm (6) 20 Nm 

(c) 80 Nm (d) 40 Nm 

32.515. A capacitance C fs charged through a 
resistance R. The time constant of the 
charging circuit is given by 

(a) R/C (6) ' 


(c) RC 


RC 

(d) - 
v ’ R 


32.516. The relationship between rotor fre¬ 
quency f v slip S and the stator supply 
frequency f ] is given by 

(a) f^Sf 2 (6) 4 = s/; 

M f, = A(i-S) (d) A = Js7T 
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32. 

ANSWERS 

} (U.P.S.C. and Other Competitive Examinations Questions) 

Choose the Correct Answer : 

32.1. (c) 32.2. (a) 32.3. (6) 32.4. (c) 

32.5. 

(a) 

32.6. (b) 

32.7. (p) 

32.8. (d) 

32.9. (b) 

32.10. 

(b) 

32.11. (c) 

32.12. (b) 

32.13. (b) 

32.14. (c) 

32.15. 

(b) 

32.16. (c) 

32.17. (a) 

32.18. (d) 

32.19. (d) 

32.20. 

(c) 

32.21. (d) 

32.22. (d) 

32.23. (d) 

32.24. (d) 

32.25; 

(b) 

32.26. (b) 

32.27. (d) 

32.28. (b) 

32.29. (b) 

32.30. 

(d) 

32.31. (c) 

32.32. (c) 

32.33. (b) 

32.34. (d) 

32.35. 

(b) 

32.36. (a) 

32.37. (d) 

32.38. (c) 

32.39. (c) 

32.40. 

(d) 

32.41. (c) 

32.42. (b) 

32.43. (b) 

32.44. (c) 

32.45. 

(c) 

32.46. (a) 

32.47. (c) 

32.48. (d) 

32.49. (a) 

32.50. 

(a) 

32.61. (6) 

32.52. (c) 

32.53. (b) 

32.54. (c) 

32.55. 

(c) 

32.56. (a) 

32.57. (b) 

32.58. (b) 

32.69. (b) 

32.60. 

(c) 

32.61. (d) 

32.62. (d) 

32.63. (b) 

32.64. (a) 

32.65. 

(c) 

32.66. (d) 

32.67. (d) 

32.68. (c) 

32.69. (d) 

32.70. 

(c) 

32.71. (c) 

32.72. (d) 

32.73. (c) 

32.74. (b) 

32.75. 

(c) 

32.76. (d) 

32.77. (a) 

32.78. (c) 

32.79. (d) 

32.80. 

(C) 

32.81. (d) 

32.82. (a) 

32.83. (a) 

32.84. (c) 

32.85. 

(d) 

32.86. (b) 

32.87. (d) 

32.88. (a) 

32.89. (a) 

32.90. 

(a) 

32.91. (d) 

32.92. (c) 

32.93. (a) 

32.94. (c) 

32.95. 

(a) 

32.96. (a) 

32.97. (a) 

32.98. (d) 

32.99. (b) 

32.100. 

(d) 

32.101. (6) 

32.102. (b) 

32.103. (a) 

32.104. (d) 

32.105. 

(d) 

32.106. s (c) 
\32.111.\ (d) 

32.107. (a) 

32.108. (c) 

32.109. (a) 

32.110. 

(a) 

32.112. (a) 

32.113. (b) 

32.114. (b) 

32.115. 

(b) 

32.116M (6) 

32.117. (d) 

32.118. (d) 

32.119. (b) 

32.120. 

(b) 

82.1ML\(c) 

32.122. (c) 

32.123. (b) 

32.124. (c) 

32.125. 

(b) 

32.126. \a) 

32.127. (c) 

32.128. (c) 

32.129. (c) 

32.130. 

(a) 

32.m.\(6) 

32.132. (b) 

32.133. (b) 

32.134. (d) 

32.135. 

<d) 

32.136. '(d) 

32.137. (b) 

32.138. (c) 

32.139. (b) 

32.140. 

(c) 

32.141. (c) 

32.142. (b) 

32.143. (b) 

32.144. (c) 

32.145. 

(c) 

32.146. (c) 

32.147. (c) 

32.148. (c) 

32.149. (a) 

32.150. 

(b) 

32.161. (6) 

32.152. (a) 

32.153. (d) 

32.154. (d) 

32.155. 

(d) 

32.156. (a) 

32.157. (d) 

32.158. (a) 

32.159. (d) 

32.160. 

(a) 

32.161. ( b) 

32.162. (d) 

32.163. (c) 

32.164. (c) 

32.165. 

(d) 

32.166. (6) 

32.167. Xa) 

32.168. (a) 

32.169. (a) 

32.170. 

(d) 

32.171. (b) 

32.172. (b) 

32.173. (a) 

32.174. (a) 

32.175. 

(c) 

32.176. (6) 

32.177. (a) 

32.178. (b) 

32.179. (b) 

32.180. 

(d) 

32.181. (a) 

32.182. (c) 

32.183. (b) 

32.184. (c) 

32.185. 

(c) 

32.186. (b) 

32.187. (d) 

32.188. (a) 

32.189. (d) 

32.190. 

(c) 

32.191. (d) 

32.192. (a) 

32.193. (a) 

32.194. (d) 

32.195. 

(c) 

32.196. (b) 

32.197. (a) 

32.198. (c) 

32.199. (a) 

32.200. 

(b) 

32.201. (d) 

32.202. (d) 

32.203. (c) 

32.204. (d) 

32.205. 

(b) 

32.206. (a) 

32.207. (b) 

32.208. (c) 

32.209. (c) 

32.210. 

(a) 

32.211. (c) 

32.212. (c) 

32.213. (a) 

32.214. (a) 

12.215. 

(b) 

32.216. (d) 

32.217. (d) 

32.218. (c) 

32.219. (b) 

12.220. 

(c) 

32.221. (o) 

32.222. (b) 

32.223. (a) 

32.224. (b) 

32.225. 

(b) 

32.226. (a) 

32.227. (b) 

32.228. (b) 

32.229. (b) 

32.230. 

(d) 

32.231. (c) 

32.232. (a) 

32.233. (c) 

32.234. (d) 

32.235. 

(o) 

32.236. (b) 

32.237. (d) 

32.238. (a) 

32.239. (b) 

32.240. 

(b) 

32.241. (c) 

32.242. (b) 

32.243. (b) 

32.244. (a) 

32.245. 

(c) 

32.246. (b) 

32.247. (b) 

32.248. (d) 

32.249. (c) 

32.250. 

(c) 
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32.251. (d) 
32.256. (b) 

32.261. ( b ) 
32.266. (b) 
32.271. (c) 
32.276. (b) 

32.281. ( b ) 
32.286. (g) 

32.291. ( b ) 
32.296. (c) 
32.301. (c) 
32.306. (c) 
32.311. (c) 
32.316. (a) 
32.321. (a) 

32.326. ( b ) 
32.331. (c) 
32.336. (d) 

32.341. (6) 

32.346. (c) 
32.351. (c) 
32.356. (c) 
32.361. (d) 
32.366. (a) 
32.371. (c) 
32.376. (c) 
32.381. (a) 
32.386. (o) 
32.391. (6) 
32.396. (c) 
32.401. (a) 

32.406. (d) 
32.411. (c) 

32.416. (6) 
32.421. (c) 

32.426, (6) 
32.431. (d) 
32.436. (c) 
32.441. (d) 
32.446. (a) 
32.451. <c) 
32.456. (c) 
32.461. (6) 

32.466. (c) 
32.471. (c) 
32.473. (d) 
32.481. Q>) 

32.466. (dy 
32.491. (d) 
s 32.496: (a) 
: 32.601. (a. 
- 32.506. (c) 
32.511. (c) 
32.516. (6) 


32.252. (d) 

32.257. (a) 

32.262. (b) 
32.267. (c) 
32.272. (c) 

32.277. (b) 

32.282. (a) 

32.287. (d) 

32.292. (c) 

32.297. (b) 

32.302. (d) 
32.307. (a) 

32.312. (d) 

32.317. (b) 

32.322. (b) 

32.327. (b) 

32.332. (d) 

32.337. (b) 

32.342. (d) 

32.347. (b) 

32.352. (d) 

32.357. (a) 

32.362. (d) 
32.367. (e) 
32.372. (a) 
32.377., (b) 

32.382. (d) 

62.387. (a) 
32.392. (c) 

32.397. (d) 

32.402. (b) 

32.407. (d) 

32.412. (d) 

32.417. (d) 

32.422. (b) 

32.427. (a> 
32.432 (b) 
32.437. (d) 

32.442. (a) 
32.447. (d) 

32.452. (a) 
32.457 (a) 
32.462. (a) 

32.467. (c) 
32.472 (b) 
32.477 (a) 
32.482. (b) 
32.487. (c)' 
32.498. (d) 
32.497. (c) 
32.502. .(c) 
32.507. (d) 
32.512. (6) 


32.253. (b) 

32.258. (a) 

32.263. (b) 

32.268. (c) 

32.273. (b) 

32.278. (d) 

32.283. (a) 

32.288. (c) 

32.293. (b) 

32.298. (a) 

32.303. (e) 
32.308. (c) 

32.313. (a) 

32.318. (c) 

32.323. (c) 

32.328. (d) 

32.333. (c) 

32.338. (a) 

32.343. (c) 

32.348. (c) 

32.353. (a) 

32.358. (b) 

32.363. (a) 
32.368. (c) 
32.373. (c) 

82.378. (d) 

32.383. (b) 

32.388. («) 
32.393. C«) 

32.398. (a) 

32.403. (a) 

32.408. (d) 

32.413. (a) 

32.418. (<$ 

32.423. (d) 

32.428. (b) 

32.433. (c) 

32.438. (a) 

32.443. (b) 

32.448. (a) 

32.453. (b) 
32.458. 
32.460. (c) 
32.468. (a, 
32.473, (bi 
32.478, P) 
32.483. (a) 
32.488. (a) 
32.493 <a) 
32.498 (d) 
32.503. (b> 
32.508. (d) 
82.613: (b) 


32.254. (b) 

32.259. (b) 

32.264. (c) 

32.269. (a) 

32.274. (a) 

32.279. (b) 

32.284. (b) 

32.289. (a) 

32.294. (d) 

32.299. (c) 

32.304. (c) 
32.309. (d) 

32.314. (b) 

32.319. (d) 

32.324. (d) 

32.329. (b) 

32.334. (d) 

32.339. (d) 
32.344. (c) 

32.349. (d) 

32.354. (a) 

32.359. (b) 

32.364. (a) 
32.869. (a) 
32.374. (c) 

32.379. (b) 

32.384. (b) 

32.389. (a) 
.32.3,94. (a) 

32.399. (d) 

32.404. (d) 

32.409. (d) 

32.414. (a) 

32.419. (a) 

32.424. (d) 

32.429. (b) 

32.434. (a) 

32.439. (a) 

32.444. (c) 

32.449. (c) 

32.454. (b) 
32459. (b) 
32.464. (d) 
32.469. (c) 
32 : 474 . (b) 

*2.479. (b) 
32.484. (a) 
32,489. (c) 
32.494. (b) 
32.499. (c) 
32.504 (b) 
32 509 (c) 
31514 (c) 


32.255, (a) 

32.260. (d) 

32.265. (c) 

32.270. (6) 

32.275. (c) 

32.280. (c) 

32.285. (b) 

32.290. (d) 

32.295. (a) 

32.300. (d) 

32.305. (c) 
32.310. (b) 

32.315. (a) 

32.320. (a) 

32.325. (d) 

32.330. (d) 

32.335. (b) 

32.340. (a) 
32.345. (b) 

32.350. (b) 

32.355. (b) 

32.360. (a) 

32.365. (b) 
32.370. (a) 
32.375. (a) 

32.380. (d) 

32.385. (a) 

32.390. (a) 
32.395. (c) 

32.400. (c) 

32.405. (b) 

32.410. (c) 

32.415. (a) 

32.420. (a) 

32.425. (b) 

32.430. (a) 

32.435. (b) 

32.440. (d) 

32.445. (b) 

32.450. (b) 
32.456. (b) 
32.460. (d) 
32.465. (c) 
32.470. (b) 
32.475. (c) 
32.480. ( 0 ) 
32.486. (o) 
32)49.0. (d) 
32.495, (d) 
32.500) (d) 
32.505. P 
32 510. (c) 
32.515. (c) 


□□ 
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Questions Bank 

(With Answers and *Solutions-Comments) 

[This question bank includes important Objective Type Questions usually 
asked in the various examinations including ECET (FHD) question papers 

from 1992 onwards] 


(A) Choose the Correct Answer : 

1. The Voltage generated in concentrated 
winding is.than distributed winding. 

(a) move 

( b ) less 

(c) same 

(d) less in one half and higher in another 
half 

*2. The pitch of Arc with 96 stator slots and 
6 pole is 

(a) 36 (b) 16 

(c) 48 (. d ) 32 

\ If an alternator is operating at lagging 
power factor, its voltage regulation will 
always be 

(a) positive 

( b ) equal to zero 

(c) negative i 

(d) voltage regulation is independent of 
power factor 

4. The main advantage of using fractional 
pitch winding is to reduce 

(a) amount of copper in the winding 

(b) size of the machine 

( c ) harmonics in generated e.m.f. 

( d ) cost of the machine 

5. Accurate method of determining the volt¬ 
age regulation of a cylindrical rotor alter¬ 
nator is 

(a) e.m.f. (synchronous impedance 
method) 

[* Solutions-Cpmments are provided] 


(b) zero p.f. method 

(c) m.m.f. method 
(< d) none 

(e) all of these 

6. A salient pole synchronous motor is fed 
from infinite bus and is running at no 
load. If its field current is reduced to zero, 
the motor would : 

(a) stop 

(b) run at a reduced speed 

(c) run at synchronous speed 

(d) run above synchronous speed 

7. A synchronous motor, connected to an 
infinite bus is working at leading p.f. It’s 
excitation is 

, (a) less than supply voltage Vs 
1 ( b ) equal to Vs 

(c) > Vs 

(d) none of these 

8. Sychronizing power comes into play when 
the rotor speed is 

(a) equal to Synchronous speed N v 

(b) > N, 

W < N, 

(cl) either more or less than N v 

9. The rotor of an Induction motor can’t run 
at synchronous speed, because il it did 
so, then 

(a) rotor emf would be zero 

(b) rotor current would be zero 

(c) rotor torque would be zero 

(d) all of the above 
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*10. An induction motor running at a slip of 
0.01 is operating from 50 Hz supply, if 
rotor inductance is one henry, the reac¬ 
tance of the rotor at given slip would be 

.ohms. 

(a) 2.5 n ( b) it 

(c) ^ id) can’t be found 
2xrcx50 

11. Complete circle diagram of an induction 
motor can be drawn with help of 

(a) running — light test alone 

( b ) light test and blocked rotor test 

(c) running — light, blocked and stator 
— resistance tests 

(d) blocked — rotor test 

12. In a 3-phase Induction motor the maxi¬ 
mum torque is proportional to 

(a) rotor resistance 

( b ) 1 /rotor resistance 

(c) Vrotor resistance 

(d) independent of rotor resistance 

13. Where the starting torque required is 
high following Induction motor is 
preferred 

(a) Slip ring ib) Squirrel cage 

(c) Both (d) None of these 

14. The no load current in a transformer lags 
behind the applied voltage by 

(a) 90° ib) about 75° 

(c) 0° ( d) around 115° 

15. Choose the correct statement. 

(a) emf/turn in h.v. winding is more than 
emf/turn in /.v. winding 
ib) emf/turn in l.v. winding is more than 
emf/than in h.v. winding, 

(c) emf/ turn in h.v. winding = emf/turn 
in /.v. winding 
id) none of these 

16. Of the transformers of. regulation (1) 5%, 

(2) 95%, the one with better is. 

(a) second 

ib) both are same 
(c) first 

{d) depends on type of load 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

*17. The no load current of transformer is 
0.2V2 amps and it lags behind primary 
voltage by 45°. The working (l w ) and 
magnetising (/^) components are respec¬ 
tively 

(a) 2,2 (b) 0.2, .0.2 

, v I I , , J_ _L 

(c) 2 , 2 id) 0 2 , Q 2 

18. A 25 kVA, 3300/230 V, 1-phase trans¬ 
former has iron and copper losses of 350 
W and 400 W. The efficiency at 0.8 pf 
is .. 

(a) 97.09% (b) 96% approximately 

(c) 98% id) 98.04% 

*19. A transformer has percentage resistance 
drop of 3% and impedence drop of 5%. 

Then its regulation at 0.8 pf (lag) is. 

%. 

(a) 2.4 (b) 1.6 

(c) 4 id). 0.8 

*20. A transformer 2000 kVA, 250 Hz is 
operated at 50 Hz, kVA rating should be 
revised to 

(a) 2000 kVA (b) 400 kVA 

(c) 10,000 kVA (d) same 

21. The following machine is used as trans¬ 
mission line regulator : 

(a) D.C. series generator 

(b) Shunt generator 

(c) Compound generator 
id) Synchronous generator 

22. The purpose of a brush in a d.c. machine 
is 

ia) to collect current from the commutator 

ib) to collect voltage from the com¬ 
mutator 

(c) to provide connection between seg¬ 
ments and commutators 
id) to clean the commutator 

*23. If a shunt generator delivers 100 A at 
200V, and the resistances of the shunt 
field and armature are 100 ohms, and 0.01 
ohms respecitvely, the generator e.m.f. 
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will be 

(a) 212 V (b) 205 V 

(c) 210 V (d) 201.02 V 

*24. In a d-c series motor, the torque developed 
is 20 N-m at 10 A of load current. If the 
load current is doubled, the new torque 

will be.N-m. 

(a) 80 N-m (b) 60 N-m 
(c) 40 N-m (d) 200 N-m 

25. For supplying power to short distances 
such as in office buildings, generators 
used are 

(a) Flat compounded generators 

( b ) Over compounded generators 

(c) Under compounded generators 

(d) Series generators 

*26, A d-c shunt motor runs at rated speed. If 
its field circuit gets open circuited, the 
motor speed 

(a) decreases drastically 

(b) remains unchanged 

(c) increases dangerously 

(d) Fluctuates around its previous speed 

27. Direction of rotation of d.c. shunt motor 
can be reversed by interchanging 

(a) supply terminals 

( b ) field terminals only 

(c) armature terminals only 

(d) either armature or field terminals 

28. Which of the following motors is most 
commonly used for driving refrigerator ? 

(a) Universal motor 

( b ) Capacitor start induction motor 

(c) A d.c. shunt motor 

(d) Squirrel cage motor 

29. Pick up the correct statement for com¬ 
mutation. 

(a) The brushes are made of carbon and 
graphite 

( b ) The brushes are of high contact resis¬ 
tance 

(c) The brushes are placed at a lead angle 
in the armature 

( d) Brushes dissipate the inductive energy 


in the armature coil 


30. Crawling in induction motor is due to 

(a) frequency fluctuation 

(b) seventh harmonic in the flux wave 

(c) low supply voltage 

( d) heavy load 

*31. An RLC circuit has a resonance frequency 
of 160 kHz and a Q-factor of 100. Its 
band width is 

(a) 1.6 kHz ( b ) 0.625 kHz 

(c) 16 MHz {d) None of these 


*32. In an R-L-C circuit, y(t ) = 20 sin 
and i(t) = 10 sin 

The pf of the circuit is. 

(b) 0.866 lag 

(c) 0.866 lead (of) 0.5 lag 

*33. In a two-watt meter method the reading 
of W { = 3 kW and W 2 = 2 kW. But W 2 
reading was taken after reversing the cur¬ 
rent coil of the wattmeter. The net power 

in the circuit is .kW 

(a) 1 kW (b) 5 kW 

(c) 3 kW (d) 2 kW 

*34. A circuit which has W 0 - 10 6 rad/sec (W 0 
= resonant frequency) C = 10 pf and Q 

= 100, must have a resistance of.kfi 

(a) 10 (by 5 

(c) 1 (d) 100 


314 ' + ? 

o 

: 

3.4, +T 
}a) 0.5 leac 


35. 


In a 3 phase balanced Ckt of star load 
the following is true : 


(«) l L ~ V V p “ V3 - 


I 


L „ V. 


(b) = 3, 

l ph V L 



(c) l L = 3I ph , V = 3 V l 

(d) I L = I ph , V p = I L 


Where I ph = phase current, I L = Line 
current 

V p = phase voltage, V L = line voltage 
*36. A certain a.c. circuit has resistance of 


Downloaded From : www.EasyEngineering.net 








Downloaded From : www.EasyEngineering.net 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


10 £1 and impedence of 20 Q. The p.f. of 
the circuit is 

(a) 30° (b) 60° 

(c) 90° (d) 1/2 

37. Two inductors have self inductances Lj 
and L 2 . The Mutual inductance between 
the coil is M. Then its coefficient of 
coupling (K) is given by 

(a) K = M L, L 2 ( b ) K = -J~- 

VL 1 

(C) M (d) L ‘ L2 

*38. Two coils have inductances Lj = 1200 
mH and L 2 = 800 mH. They are connected 
in such a way that flux in the two coils 
aid each other and inductance is measured 
to be 2500 mH then Mutual inductance 

between the coils is.mH. 

(a) 200 ( b ) 150 

(c) 225 (d) 250 

*39. A conductor of length T meters moves 
at right angles to a uniform magnetic field 
of flux density B = 1.5 T. If the velocity 
of revolution of the conductor is 50 ms -1 
then induced e.m.f. in the conductor is 


(a) 0 ( b ) 75 V 

(c)100V (d) 125 V 

*40. The time constant of an RL circuit is 1 

second and its inductance is 8H, the resis¬ 
tance of the coil is.ohms. 

( a ) 1/8 ( b) 8 

(c) 1 (d) 0.25 

41. A dead storage battery can be revived by 

(a) a dose of H 2 S0 4 

(b) adding so called battery restorer 

(c) adding distilled water 

(d) none of the above 

*42, A cell has an Ah efficiency of 80%. It 
has an average terminal voltage on dis¬ 
charge, and charge of 1.2 V and 1.6 V 
respectively. The Watt-hour efficiency of 
the cell is. %. 


(a) 80 ( b ) 60 

(c) 50 ( d) 100 

43. Peak factor of a waveform is defined as 
Average value 

RMS value 
RMS Value 


id) 

(b) 

(c) 
(< d) 


Maximum value 
Maximum value 
RMS value 
RMS value 
Average value 


*44. A capacitor that stores charge of 0.5 C at 

10 volts has a capacitance of.farad. 

(a) 5 (b) 20 

(c) 10 {d) 0.05 


45. In a cable capacitor, voltage gradient is 
maximum at the surface of the 
(a) conductor (6) sheath 

(c) insulator ( d) earth 


46. A p.d of 300 V is applied across series 
combination of 3 (i,F and 9 (J.F capacitors. 

The charge on each capacitor is . 

(a) 3600 pC (b) 40 x 10' 3 C 
(c) 7.5 x 10- 3 C (d) 675 |iC 


*47. A parallel plate air capacitor has a 
capacitance of 100 pfd. A p.d of 50 V is 

applied. The stored energy is.joules. 

(a) 1.25 x 10- 7 ( b) 2.50 x 10" 7 

(c) 40 x 10" 9 (d) 20 x 10- 9 


48. Unit of electric field strength is 

(a) volt/metre 

(b) nt/coloumb 

(c) joules/coul. metre 

(d) all of the above 

49. A lightning conductor on the top of a 
building is made into a spike because 

(a) rain drop may collect 

(b) dust particles may not accumulate 

(c) charge per unit area becomes very 
high for lightning to discharge 

(d) none of the above 

50. Current of T amps is passing through 
two parallel conductors in same direction, 
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then the conductor will.. each other. 

(a) attract 

(b) repel 

(c) neither attract nor repel 
(: d) either attract or repel 

*5L The connected load of a consumer is 2 
kW, and his maximum demand is 1.5 kW, 

the load factor of the consumer is. 

(a) 0.75 (fc) 0.375 

(c) 1.33 id) none of these 

52. To have lower cost of electrical energy 
consumption 

(a) the load factor and diversity factor 
should be low 

(b) load factor should be low but diversity 
factor high 

(c) the load factor should be high but 
diversity factor low 

(( d) load factor and diversity factor should 
be high 

53. Power plant having maximum demand 
more than installed capacity will have 
utilisation factor 

(a) less than 100% 

(b) equal to 100% 

(c) more than 100% 

( d) none of these 

54. Ash content of Indian coal is approximately 

(a) 5 (b) 8 

(c) 10 (d) 25 

55. The specific energy comsumption 

(a) increase with increase in maximum 
speed 

C b ) decrease with increase in maximum 
speed 

(c) equal to that of lower maximum speed 

(d) no such comparison possible 

56. Current taken by 80 watt flourescent lamp 
will be 

(a) equal to that of 80 watt filament lamp 

(b) less than that of 80, watt filament lamp 

( c ) more than that of 80 watt filament 
lamp 

(d) none of the above is necessary 


57. The flicker effect of flourescent lamp is 
more pronounced at 

(a) low frequancy (b ) high frequency 
(c) low voltage (d) high voltage 

58. In power plants, the condenser normally 
used is 

(a) Jet type 

( b ) Surface type 

(c) Both jet and surface 

(d) Regenerative type 

59. Aluminium is difficult to weld because 

(a) it has an oxide coating 

( b ) it conducts away heat very rapidly 

(c) (a) and (b) 

(i d) none of these 

60. Steel rails are welded by 

(a) Argon are welding 

( b ) Thermit welding 

(c) Gas welding 

(d) Resistance welding 

61. It is desirable to use reactor core as 

(a) Cubical or cylindrical 

(b ) Cubical or Spherical 

(c ) Cylindrical or Spherical 

(d) Spherical 

62. Induction heating is used for 
(a) Insulating materials 

Cb ) Magnetic materials 

(c) Non-magnetic materials (conducting) 

(i d) Both magnetic and non-magnetic 

63. The pressurised water reactors employ: 

(a) light water and natural uranium 

(b) heavy water and enriched uranium 

(c) light water and enriched uranium 

(d) none of the above combination 

*64. A plane surface is placed 3 metres frpm 
a 200 C.P. uniform source of light; if the 
surface is parallel to the rays of light, the 

luminous intensity is .lux. 

(a) 22 (b) 19.22 

(c) zero (d) Indeterminate 

65. For flood lighting in aerodromes the fol¬ 

lowing lamp is used : 
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(a) Iodine lamp 

ib) Iodine lamp with glass parabolic 
reflector 

(c) Flourescent lamp 

(d) None of these 

66. Number of lights can be found from the 
following relation 

/ v Average illumination (lm/m 2 ) x Area in m 2 

' ' Beam lumens 

.. . Average illumination (lm/m 2 ) 

Beam lumens 

. . Beam lumens 

(c)-r 

Average illumination x area in m z 

id) An appropriate number of lights can 
only be fixed as no accurate formula 
is available 

67. Whenever the streets meet, the level of 
illumination at intersection should at least 
(a) equal to sum of illuminations for two 

streets 

(Jb) half of the illumination for one street 
(c) no rule on illumination level 
id) at least equal to illumination level of 
one street 

68. The electromotives run faster at curved 
routes as compared to steam locomotives. 
id) The centre of gravity of electric 

locomotive is higher than that of 
steam locomotive 

ib) The centre of gravity of electric 
locomotive is lower than that of steam 
locomotive 

(c) Speed at curved routes is independent 
of location of centre of gravity 
id) None of these 

69. Low frequency operation of a.c. series 
motor 

(a) improves its commutation property 
but affects the p.f. and efficiency 
ib) improves commutation, p.f. and effi¬ 
ciency 

(c) affects commutation but improves p.f. 

and efficiency 
id) none of these 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

70. For regenerative braking, the generated 
power should be 

(a) at the same frequency as that of the 
mains supply 

ib) at a frequency, 1/3 of that of the main 
supply 

(c) at a frequency, 1/2 of that of the main 
supply 

id) any frequency 

71. The corona effect is accompanied by all 
of the following except 

(a) hissing sound 
ib) leading p.f. 

(c) production of ozone 
id) radio interference 

72. The effect of ice on transmission line 
conductors is to 

(a) increase resistance to flow of current 
ib) increase tendency for corona 
(c) potential across each disc is zero 
id) one of the insulator discs is shorted 

74. In a uniformly loaded distributor for 
which is fed at both ends, the minimum 
voltage will occur 

(a) at one of the ends 
ib) nearer to one of the ends 
(c) at the mid point 
id) at the heaviest load 

75. If ‘Z’ is the series impedance and ’Y’ is 
the shunt admittance the surge impedance 
is given by 

Z Y 

(a) f ib) ~ 

Z 2 

(c) — id) none of the above 

76. Grounding wires are made of 

(a) stainless steel ib) aluminium 

(c) galvanised steel (d) cast iron 

77. The capacitance in equivalent ckt of a 
transmission line is mainly due to 

(a) current in the line 
ib) presence of megnetic flux 
(c) potential difference 
id) leakage of current 
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78. An isolator 

(a) is an automatic device for breaking ckt 

(b) is a relay operated device for breaking 
ckt 

(c) opens a ckt under no load 

(d) opens a ckt under load 

79. Fusing current of a fuse is proportional 
to (D being dia of the fuse wire) 

(a) D (b) D 3/2 

(0 5575 (<0 D* 

80. Materials used for circuit breaker contacts 
should have 

(a) high electrical condutivity and low 
thermal conductivity 

C b ) high electrical and thermal conduc¬ 
tivity 

(c) low electrical and low thermal con¬ 
ductivity 

(d) low electrical and high thermal con¬ 
ductivity 

81. The CB used for high tension applications 
is 

(a) A.B.C.B. (b) SM.O.C.B. 

(c) P.O.C.B. ( d) sf 6 C.B. 

82. A differential relay operates for 

(a) algebraic difference of the voltages 

(b) algebraic difference of the currents 

(c) algebraic difference between the 
electrical quantities 

(d) vector difference between the electri¬ 
cal quantities 

83. ... relay is used for protecting trans¬ 

former against frame leakage. 

(a) Directional relay 

(b) Instantaneous earth fault relay 

(c) Instantaneous over voltage relay 

(d) Instantaneous over current relay 

84. In induction'type relays, torque is directly 
proportional to 

(a) current (b) l'/current 

(c) (current) 1/2 (d) (current) 2 

85... relay has inherent directional 

charactristics. 


(a) MHO (b) Buchholz 

(c) Impedance (d) Reactance 

86. Reactors for the protection of transmission 

lines are connected in . 

(a) series ( b ) parallel 

(c) delta (d) star 

87. Expulsion type lightning arrestors can be 

used upto voltage of.kV 

(a) 1 (b) 2 

(c) 11 (d) 33 


88. Which of the following is not a distance 
relay? 

(a) Reactance relay (b) Induction relay 
(c) MHO relay 

89. Which of the following is a unipolar 
device? 

(a) FET (b) Zener diode 

(c) PNP or NPN (d) All of these 


90. The gain of the amplifier with feed back 


is given by 
(0) 1 + BA 
(c) 1+BA 


(*) 

(d) 


1 ±BA 
B 

1 ±BA 


91. Which of the following has highest cur¬ 
rent gain ? 

(a) CB (b) CE 

(c) CC (d) All of these 


92. A Darlington pair consits of the followidg 
stages : 

(a) CE and CC (b) CE and CB 
(c ) both CE ( d) Both CC 

93. Electrostatic instruments are used for 
(a)'low current measurement 

(i b) high current measurement 
(c) low voltage measurement 
{d) high voltage measurement 

94. Schering bridge is used to 

(a) determine dielectric loss 

(b) determine inductance 

(c) measure low resistance 

(d) measure mutual inductance 

95... is used to test the insulation 
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resistance. 

{a) Megger ( b ) Multimeter 

(c) Tongester ( d ) Ohm-meter 

*96. A moving coil ammeter has full scale 
deflection of 50 |LiA and coil of resistance 
1000 ohms. The value of shunt resistance 

to extend the range to 1A is . 

ohm. 

(a) 0.05 (b) 0.08 

(c) 7 (d) .01 

97. Induction meters can measure 

{a) a.c. only (b) both a.c. and d.c 

(c) only d.c. (d) none of these 

98. In moving iron and hot wire instruments 
. damping is used. 

( a ) air friction ( b ) fluid friction 

( c ) eddy current (d) none of these 


tooth wave shown is (Fig. QB-1) 

(a) ^ (b) 5V3" 

(c) 2.5 (d) 5.0 

103. In a common emitter connection of a 
transistor the relation between the current 
gain ‘a’ and the voltage gain ‘(J’ is 

«■> “=Mi ® 

104. The two essential conditions to be fulfilled 
for oscillations are 

(a) generation and amplification 

(b) amplification and feedback 

(c) wave shape and feedback 

(d) generation and feedback 


99. The following is true . 

(a) Moving coil meter reads RMS value; 
moving iron meter reads RMS values 

( b ) Moving coil meter reads average 
value 

(c) Moving iron meter reads maximum 
value 

(d) Moving coil meter reads average 
value and moving iron meter reach 
RMS value 


100. In electrostatic meters torque is propor¬ 
tional to. 


(a) V 2 (b) V 

(c) Vv (d) (V)l/3 


101. The time constant of a series 
is given by 


(a) RL 



R-L circuit 



id) 


1J 

R 


*102. The root mean square value of the saw 



*105. A coil has an inductive reactance of 4 
ohms and a resistance of 3 ohms. The 
admittance of the coil is 

(a) 3 + j 4 Mho 

(b) 3 - j 4 Mho 

(c) 0.6 - j 0.8 Mho 

(d) 0.12 -j 0.16 Mho 

106. A d.c. motor starter is used to limit its 

(a) starting current 

(b) starting speed 

(c) starting acceleration 
id) starting torque 

107. If a self excited d.c. generator after being 
installed fails to build up on its first trial 
run, the first thing to do is to 

(a) increase the field resistance 

ib) check armature insulation 
(c) reverse field connection 

id) increase the speed of the prime mover 

108. In a progressive lap winding of a d.c. 
machine, the relation between the front 
pitch (Y f ) and the back pitch (' Y b ) is 
ia)Y h = Y f -2 ib)Y b = Y f +2 

ic) Y h = Y f (d) Y h = Y f+ 1 

109. The mechanical characteristic'df three d.c. 
motors are given as' shown in the Fig. 
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Fig. QB’2- 

QB-2. The motors are classified as 

(a) X : Series; Y : Cumulatively com¬ 
pounded; Z : Shunt 

(b) X : Shunt; Y : Differential compound; 

Z : Series 

(c) X : Shunt; Y : Cumulatively com¬ 
pounded; Z : Series 

(d) X : Cumulatively compounded; Y : 
Series; Z : Shunt 

110. A commonly used primary cell is a 

(a) lead acid cell {b) copper zinc cell 
(c) dry cell (d) lead sulphuric cell 

111. The core of a transformer is laminated in 
order to 

(a) increase the useful flux 

( b ) decrease the copper losses 

(c) decrease the iron losses 

(d) decrease the effective area of the core 

112. A transformer has a negative voltage 

regulation when its load power factor is 

(a) zero ( b) unity 

(c) leading (d) lagging 

113. Three transformers connected in delta are 
delivering their rated load and one trans¬ 
former is removed. The overload on each 
of the remaining transformer is 

(a) 86,6% ( b ) 66.7% 

(c) 73.2% (d) 50% 

*114. A 500 kVA 2300/230 volt, 60 Hz single 
phase transformer has a high voltage 
winding resistance of 0.65 ohm and a low 
voltage winding resistance of 0.0035 ohm. 
The equivalent resistance of the machine 
referred to the secondary is 
(a) 0.001 ohm (b) 0.6535 ohm 
(c) 0.01 ohm (d) 1 ohm 
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115. The torque developed in a three phase 
induction motor depends on 

(a) stator flux and rotor cuirent 

(b) stator flux and stator current 

(c) stator current and rotor flux 

(d) rotor current and rotor flux 


116. In a three phase induction motor, the rotor 
field rotates at synchronous speed with 
respect to 

(a) rotor ( b) stator flux 

(c) space (d) stator 


117. In the equivalent circuit of a three phase 
induction motor, the mechanical load is 
represented by a pure resistance ‘R’ and 
is related to the rotor resistance R 2 by 


(a)R = R 2 


(c) R=R 2 


1+j 


-1 (b) R=R 2 

[a 

J 

\ 

\ / 
^1-5^ 

(d) r = r 2 

S 

J 

V J 


stator winding of an alternator is to 


(a) reduce harmones 

(b) improve the voltage waveform 

(c) decrease the size of the conductor 

(d) increase the induced e.m.f. 

119. At lagging loads, the effect of armature 
reaction in a.c. generator is 

(a) cross magnetising 
(, b) demagnetising 

(c) magnetising 

(d) non effective 

120. The V-curve of a synchronous motor is a 
plot of 

(a) stator current versus stator power factor 

(b) stator current versus rotor current at 
all loads 

(c) stator current versus rotor current at 
a constant power delivered 

(d) rotor current versus stator power fac¬ 


tor 


121. The diversity factor of a power system is 
utilized in determining 
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{a) Energy requirement of a power system 

( b ) Plant capacity of power system 

(c) Average load of the power system 
(i d) Plant utilization 

122. The primary source of energy is 

(a) coal ( b ) water 

(c) sun ( d ) wind 

123. Which of the following is not a fissile 
material ? 

(a) U-233 (b) U-235 

(c) U-238 ( d) Pu-239 

124. A mass curve is a graph of 

(a) magnitude of run off versus percent¬ 
age time 

( b ) cumulative run off versus time 

(c) power potential contained in the 
stream flow rersus percentage time 

(d) load demand versus time 


125. Majority of distribution substation having 
a transformer capacity less than 300 kVA 
are of 

{a) pole mounted type (b) indoor type 
( c) outdoor type (d) kiosk type 


126. The effect of earth in the case of OH lines 
is to 

(a) increase the capacitance 

(b) increase, the inductance 

(c) decrease the inductance 

(d) decrease the capacitance 


127. The quantity 



for a lossless line 


is 


called 

(a) surge impedance 

( b ) characteristic impedance 

(c) line impedance 

{d) line charging admittance 


128. In the case of short transmission line with 
reactance X and. resistance R, maximum 
power transfer occurs when 
. ,00 X = R (b) X = 2R 

(6) X = i (d) X = V3R 


129. Ground wires are used in transmission 


lines to 

(a) suppress arcing earths 

(b) shield the line against lightning 
strokes 

(c) provide return path for zero sequence 
currents 

(d) provide mechanical rigidity to the 
lines and towers 


130. The fusing factor of a fuse link is 
Minimum fusing current 

Current rating 

Prospective current of the circuit 

Breaking capacity of the fuse 
Breaking capacity of fuse 
Current rating 
Breaking capacity of fu se 

Minimum fusing current 


(a) 

(b) 

(c) 

(d) 


131. A dynamometer type measuring instru¬ 
ment has a uniform scale when used as 


a 

(a) voltmeter 

( b ) ammeter 

(c) wattmeter 

(d) any type of instrument 

132. l ; or the measurement of low reistance one 
can use 

(a) Kelvin’s double bridge 

(b) Loss of charge method 

(c) Direct deflection method 

(d) Any type of instrument 

*133. The illumination at a point 5 meters below 
a lamp in 6 lux. The candle power of the 
lamp is 

(a) 36 (b) 3071 

(c) 360 id) 150 

134. The unit of efficiency of an electric lamp 
is 

(a) watts/lumens (b) lumens/steradian 

(c) lumens/watt (d) candle power/walt 


135. Annealing of metals is performed by 

(a) resistance heating 

(b) eddy cui "ml heating 

(c) arc furnat. 

(d) dielectric healing 
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136. For melting of non ferrous metals, the 
furnace most commonly used is 

(a) indirect arc furnace 

(b) direct arc furnace 

(c) coreless induction furnace 

(d) core type induction furnace 

137. Resistance welding requires 

(a) high voltage and low current 
(. b ) low current and low voltage 
(c) high voltage and high current 
{d) high current and low voltage 

138. In this method of electric braking, the 
armature connections are reversed, with 
the power supply cut off 

(a) Rheostatic braking 

(b) Ward-Leonard control 

(c) Regenerating braking 
(< d) Plugging 

139. Indicate which of the following statements 
is "True" ? 

(f) The per unit impedance referred to 
either side of a three phase transformer 
is different and depends on the nature 
of connections. 

(it) Percentage differential relays are used 
for generator and transformer protec¬ 
tion. 

(iff) A line is said be a short line if its 
length is less than 200 km. 

(a) (f) and (if) (b) (i) and (iff) 

(c) (if) only (d) (iff) only 

140. In traction systems, scheduled speed is 
defined as: 

(a) distance/time for rufi 

(b) distance/time to stop 

, . distance 

(c) —-:-—- 

time to run + time to stop 

. _ distance _ 

' ' time during which the speed is constant 

141. Nichrome is widely used for 

(a) Heater coils 

(b) Transformer windings 

(c) Circuit connections 

(d) Lamp filaments 


142. The material used for fuse must have 

(a) low melting point and low specific 
resistance 

(b) high melting point and high specific 
resistance 

(c) low melting point and high specific 
resistance 

{d) none of the above 

143. 100 W and 40 W lamps are of the same 
voltage rating. The resistance of 40 W 
lamp is 

(a) lower 

( b ) the same 

(c) higher 

. ( d) lower with ‘a.c.’ but higher with ‘d.c.’ 

144. The value of current read by ideal am¬ 
meter ‘A’ in Fig. QB-3 is 



Fig. QB-3. 

(a) 2 A (b) 3 A 

(c) 5 A {d) 2.5 A 

145. A capacitor of capcitance 200 pf is 
charged to a potential of 1,000 V. The 
stored energy in watt-second is 

(a) 200 (b) 100 

(c) 50 ( d) 300 

146. A series RC circuit having R=100 D. and 
C = 100 pF has a time constant of 

(a) 10" 3 s (b) 10 ps 

(c) 0.001 s (cf) 10 s 

147. Capacitors having large capacitance in 
small size use a dielectric of 

(a) paper (b) nylon 

(c) mica (d) ceramic 
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148. In an industrial plant grounding system 
provides protection against 

(a) over-voltage 

Cb ) static electricity from friction 
(c) internal shorts 

149. Sparking occurs when a load is switched 
off because the circuit has high 

(a) capacitance (b) inductance 

(c) resistance (d) none of the above 

150. The unit of retentivity is 

(a) weber 

( b ) weber per square metre 

(c) ampere turn 

(d) ampere turn per metre 

151. The unit of reluctance is 

(a) A.T. ( b ) A.T./web. 

(c) weber (d) watt 

152. When the current through each of the two 
parallel conductors whose centres are 
spaced at a distance of 1 m apart is 500 
A, the force acting per metre length of 
each conductor will be 

<a) 10 N/m (b) 5 N/m 
(c) 0.5 N/m {d) 0.05 N/m 

153. Air gap in the iron core of an inductor 
presents 

(a) hysteresis loss 

(b) flux leakage 

(c) core saturation 

( d) eddy current loss 

154. The property by which a counter e.m.f. 
is induced in it when the current through 
the coil changes is known as : 

(a) self-inductance 

(b) mutual inductance 

(c) series , aiding inductance 

(d) capacitance 

( e ) none of the above 

155. A square coil rotating in the magnetic field 
at constant speed induces maximum 100 V. 
If it makes an angle of 30° with the plane 
of the field, the induced e.m.f. is 

(a) 50 V ( b ) 100 V 

(c) 86.6 V (d) 70.71V 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

156. The active materials on the positive and 
negative plates of a fully charged Lead- 
acid cell are 

(a) lead peroxide and lead sulphate 

(b) pure lead and lead peroxide 

(c) lead peroxide and lead sulphate 

(d) none of these 

157. The purpose of using separators in storage 
battery is to prevent the plates from 

(a) shorting together 

(b) shorting to the bottom 

(c) touching the container 
id) none of the above 

158. During charging of a Ni-CdL battery, its 
electrolyte 

(a) gets weaker (b) remains unchanged 
(c) is reduced (d) gets stronger 

159. Which of the following instruments has 
same calibration for a.c. and d.c. ? 

(a) Moving iron (b) Moving coil 
(c) Hot wire (d) None of these 

160. A moving coil voltmeter scale is 

(a) linear 

(b) exponentially increasing 

(c) exponentially decreasing 

(d) none of these 

161. The insulation resistance of a transformer 
winding can be easily measured with 

( a ) Megger (b) Wheatstone bridge 

(c) Voltmeter (d) Kelvin bridge 

162. A moving iron-meter is useful for voltage 
measurement at 

(a) very high frequencies 

(b) high frequencies 

(c) low frequencies 
id) none of these 

163. To find p.f. of a single phase motor which 
of the following sets of a.c. instruments 
is used 

(a) one voltmeter, one wattmeter and one 
ammeter 

(b) one voltmeter and one ammeter 

(c) one vo..meter, one kWh meter and 
one ammeter 
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( d) one voltmeter and one ammeter 

164. To extend the range of an ax. ammeter 
which of the following is commonly used? 

(a) A capacitance 

( b ) A shunt 

(c) A current transformer 

(d) An inductance 


165. To measure the e.m.f. of a Weston stand¬ 
ard cell, one would use 

(a) a moving coil voltmeter 

( b ) potentiometer 

(c) a hot-wire voltmeter 

0 d) an electrostatic voltmeter 

166. For correct connection of a wattmeter in 
a circuit, coils should be connected 

(a) current in series and potential in paral¬ 
lel 

(b) current in parallel and potential in 
series 

(c) current in series and potential in series 
(i d ) current in parallel and potential in 

parallel 

167. Impedance relay is used to protect 

(a) line beyond a particular zone 

(. b ) line within a particular zone 

(c) the whole transmission system 

(d) none of the above 


168. Q-factor of a series circuit is 

L 2 n L 

(a) - R (b) — 



(d) 


L 

R 


169. A coil having a Q-factor of ‘5’ is con¬ 
nected in series with an ideal capacitor 
across an a.c. potential of 100 V. The 
voltage developed across capacitor at 
resonance is approximately 

(a) 500 V" (b) 5 V 
(cj 50 V (d) 1000 V 

170. A series circuit consists of a non-inductive 
resistance of 30Q and a coil having resis¬ 
tance of 20£2 and inductance of 0.5 H. If 
the circuit is connected across 200 V d.c. 
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supply, the current and total power ab¬ 
sorbed will be 

(a) 4 A, 800 W, (b) 8 A, 1600 W 
(c) 10 A, 1000 W (d) 6 A, 1200 W 

171. An RLC circuit has R = 60Q, X L = 280Q 
and X c = 200fX If applied voltage is 100 
V, the voltage across capacitor is 

(a) 200 V (b) 100 V 

(c) 380 V (d) 400 V 

172. If the power factor of a circuit is unity 

its reactive power is 

(a) zero ( b ) maximum 

(c) equal to I 2 R (d) minimum 

173. A current consists of a fundamental com¬ 
ponent of amplitude Ij and a third har¬ 
monic of amplitude I 3 . The r.m.s. value 
of the current will be 

Ij + 13 Ij + 12 

tins = ^2 W tins = 2('ll) 

R2 j Z 

(c) i nns = vprij (d) i ms = vv 

( 

174. The ratio of active power to apparent 
power is known as 

(a) form factor (b) power factor 

(c) load 1 'actor (d) none of these 

175. When two capacitors of reactances 10£2 
and 20£2 are connected in parallel across 
a 100 volt supply, total VAR drawn will 
be 

(a) 1500 (b) 500 

(c) 15 (d) 5 

176. In the measurement of power by two watt 
meters method in 3 phase circuit if one 
of the wattmeters gives deflection in 
reverse direction 

(a) connections of current coil terminals 
are reversed 

(b) connections of the pressure coil ter¬ 
minals are reversed 

(c) phase sequence is reversed 

(d) connections of pressure and current 
coil terminals are reversed 

177. For a balanced 3-phase system, the reac- 
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tive power is 

(a) 3 E l I I cos <j> (b) 'IT E L I L sin <(> 

(c) V3^Ep Ip sin <j> (d) None of these 

178. Calculate the power supplied to a 3-phase 
star connected resistive load when the line 
voltage and line currents are 200 V and 
10 A respectively 

(a) 1 kW (b) 1.75 kW 

(c) 1.73 kW (d) 3.464 kW 

179. Charging current in a transmission line 

(a) increases line losses 

( b ) decreases line losses 

(c) increases the line current 

(d) decreases the line current 

180. Differential relays are installed to protect 
the equipment against 

(a) reverse current (fc) internal faults 
(c) over currents (d) none of these 

181. In power plants contacts of high voltage 
switches are submerged in oil. The pur¬ 
pose of oil is to 

(a) cool the switch mechanism 

(b) insulate the contacts from switch body 

(c) lubricate contacts 

(d) help quench arcing 

182. Recommended minimum mounting 
height, in mm, of a socket outlet from 
floor level is 

(a) 100 (fe) 150 

(c) 200 (d) 250 

183. Shunt capacitance is neglected while con¬ 
sidering a 

(a) short transmission line 

(b) long transmission line 

( c ) medium transmission line 

(d) none of these 

184. Which one of the following gases has 
higher efficiency (lumens / watt) ? 

(a) Mercury vapour 

( b ) Sodium vapour 

(c) Neon 

( d) None of these 

185. The gas inside the inner discharge tube 


of sodium vapour lamps is 
(a) Argon (b) Neon 

(c) Helium (d) Hydrogen 

186. When the sodium vapour discharge lamp 
is first switched on, its colour appearance 
is 

(a) yellow (b) red 

(c) white (d) green 

187. In the power house, the illumination level 
is of the order of 

(a) 30-40 lumens/m 2 

( b ) 100-150 lumens/m 2 

(c) 200-300 lumens/m 2 

(d) 300-350 lumens/m 2 

188. To improve commutation 

(a) interpoles are placed in g.n.p. 

(b) copper brushes are preferred 

( c ) either e.m.f. or resistance commuta¬ 
tion is used 

(d) none of the above 

189. The holding current of an SCR is 

(a) almost equal to the latching current 

( b ) much more than the latching current 

(c) less than the latching current 

(d) no generalization is possible 

*190. A 400/200 V transformer has a pu im¬ 
pedance of 0.05. The HV side voltage 
required to circulate the full load current 
during short-circuit test is 
(a) 40 V ( b) 20 V 

(c) 10 V (d) 5 V 

191. A A/Y transformer has phase to phase 
voltage transformation ratio of a: 1. The 
line to line voltage ratio Y/A given by 



(b)~ 

,, VT 

(c) T 

(d) a 


192. In scott-connected transformer the no. of 
primary and teaser turns respectively are: 

<«> N 'm <» T N 

V3"N V3~N 

(c) N (<i)N,^ 
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193. Ferranti effect on transmission line is a 
phenomenon which represents 

(a) rise in receiving end voltage on lag¬ 
ging load 

(b) rise in receiving end voltage on lead¬ 
ing load 

(c) load impedance equals to surge im- 
- pedance 

( d) none of the above 

194. The brakedown stress of atmospheric air 
in approximately 

(a) 0.3 kV/cm (b) 3 kV/cm 
(c) 30 kV/cm (d) 300 kV/cm 

195. Most economic load on an overload line is 

(a) greater than natural load 

(b) equal to natural load 

(c) less than natural load 

(d) none, of the above 

196. Impulse ratio of rod gap is 

(a) unity 

( b) between 1.2 and 1.5 

(c) between 1.6 and 1.8 
id) between 2 and 2.2 

197. Shunt compensation in an EHV line is 
provided to 

(a) improve the stability 

(b) reduce fault level 

(c) improve voltage profile 

id) as a substitute for synchronous phase 
modifier 

198. Mho relay is used for the protection of 
(a) Long TL ib) Medium TL 

(c) Short TL id) No length criterion 

199. Reactance relay is preferred for protection 
against 

(a) earth fault only ib) medium TL 
(c) both id) none of these 

200. If a combination of HRC fuse and C.B. 
is used, the C.B. operation is for 

(a) low overload currents 

ib) short circuit currents 
(c) under all normal conditions 
id) this combination is never used in prac¬ 
tice 


*201. If the fault current is 2000 amps, the relay 
setting is 50% and the ,C.T. ratio is 400/5 
then the plug setting multiplier will be 
id) 5 ib) 7 

(c) 8 id) 10 


202. Resistance switching is normally done in 
case of 

(a) bulk oil C.B. ib) M.O. C.B. 

(c) A.B. C.B. id) all types of C.B.’s 

203. The normal practice to specify the making 

current of a C.B. is in terms of... 

value 

(a) r.m.s. ib) peak 

(c) average id) both r.m.s. & peak 


204. The charging reactance of 50 km length 

of the line is 1500 £2. The charging reac¬ 
tance for 100 km length of line will be 
id) 15000 ib) 30000- 

(c) 7500 id) 6000 

205. If ‘X’ is the system reactance and ‘R’ its 
resistance the power transmitted is maxi¬ 
mum when 

ia) X = R_ (h) X = V2 R 

ic) X = V3 R id) X = 2 R 


206. If V s , V R are sending and receiving end 
voltages of a transmission line, ‘X’ its 
reactance, then more power transmitted 
from sending to receiving end is 


id) 

ic) 


v s v R 


V S V R 

3X 


ib) 


v s Vr 

2X 


id) 


V s 

yp. cos 90° 
V R 


207. The constants A, B, C and D are related 
for a TL as 

(a) AD - BC = 0 
ib) AD - BC = 1 
(c) ^AD - BC = 0.5 

id) none of the above 

208. Corona loss is less when the shape of the 
conductor is 

(a) circular 

ib) flat 

ic) oval 
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( d) independent of shape 

209. Distance relays operation is dependent 
upon 

(a) current to current 

( b ) voltage to current 

(c) voltage to voltage 

(d) none of the above 

210. Lightning arrestor is used 

(a) for limiting the short-circuit fault cur¬ 
rent 

(b) to provide path to hv surge to earth 

(c) to reduce arcing 

( d) none of these 

211. In an AC TL system there is difference 
in phase voltages at the ends of the line 
due to 

(a) R’ of line 

( b ) system voltage 

(c) reactance of line 

(d) insulators 

212. Relays using induction disc principle 
operates 

(a) only on DC 
(h) only on AC 

(c) both DC and AC 

(d) none of the above 

213. Diversity factor has direct effect on the 

(a) fixed cost of unit generated 

(b) variable cost of unit generated 

(c) both fixed and variable costs of unit 
generated 

(d) none of these 

214. The criterion for selection of size of con¬ 
ductor for a feader is 

(a) voltage drop ( b ) corona loss 
(c) temp, rise ( d) radio interference 


nace is to melt 

(a) steel 

(b) iron 

(c) non-ferrous metals 

( d) none of the above 

217. The visual range of light lie between 
(a) 5000A to 7500A 

(bj 400A to 750A 

(c) 0.4 micron to 0.75 micron 

(d) none of the above 

218. In case of D.C. series motor it is possible 
to have finite no load speed if a resistance 
is connected across its: 

(a) field terminals 

(b) armature terminals 

(c) field and armature together 

(d) it is always very high at no load 

219. In case of seam welding, the flow of 
current through the electrodes should be 

(a) continuous 

( b ) intermittent 

(c) can be continous or intermittent 

(d) none of the above 


220. The core type furnace is usally operated 
at 


(a) 10 Hz (b) 50 Hz 

(c) 500 Hz (d) 5 Hz 


221 . 


In a 3-phase induction motor, the relation j 
between electrical torque T e at any slip , j 

and slip S mt at which torque T m occurs j 
is given by , j 


(o) 


<c) 


2S-S„ 
S 2 + S2 f 


(b)7=~ = 


_2S» 

S 2 S„ 


2S Je _ S S mt 

q2 + q2 W T S 2 + S 2 


215. Hydrogen when used for cooling a large 222. In an auto transformer if tapping 4 K’ (<1) # 

alternator th en starting current of the cage induction 

(a) increses the life of insulation motor with this auto transformer and start- 

(b) reduces the life of insulation j n g 

(c) either of the above (a> K x starting torque T^.st with direct 

(d) none of the above - switching 

216. The main application of indirect arc fur- , , K 2 x T-.sr ^ 
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(c) ^xTst 

w> ^ Vt 

223. A star-delta starter is equivalent to an auto 

transformer with tapping of. 

(a) 86.6% ( b ) 57.73% 

(c) 57% (d) 58% 

224. No load p.f. of a 3-phase induction motor 
is 

(a) 0.2 (b) 0.5 

(c) 0.7 (d) 0.85 

225. The maximum possible speed at which 

the alternator can be driven to generate 
60 Hz is.rpm. 

(a) 3000 (b) 3600 

(cl 4000 (d) 1000 

226. The balanced short-ckt current of a 
polyphase alternator is 20 A at a speed of 
1000 rpm. For the same field current, the 
balanced short-ckt current at 900 rpm 
would be 

(a) less than 20 (b) more than 20 

(c) 20 A {d) 18 A 

227. A synchronous motor connected to a in¬ 
finite bus is working at a .leading pf. its 
excitation is 

(a) less than supply voltage 

(b) = supply voltage 

(c) supply voltage 

(d) none of the above 

228. A synchronous generator, connected to an 
infinite bus and working at unity p.f. is 

(a) delivering reactive power to the bus 

(b) absorbing reactive power form the bus 

(c) float on the line 

(d) none of the above 

229. Synchronizing power comes into play 
when rotor speed is 

(a) = synchronous speed (N,) 

0 b) > N, 

(c) < N s 

(d) either more or less than N 5 


230. An alternator has phase sequence of ABC 
for its three o/p voltages. If the field 
current is reversed then the phase se¬ 
quence becomes 

(a) ACB (b) ABC 

(c) None of these (d) Both (a) and (b) 

231. A synchronous motor is running in clock¬ 

wise direction. If the direction of its field 
current is reversed the motor would.. 

(a) come to stop 

( b ) run in reversed direction 

(c) run in same direction 

(d) run in same direction but at a slightly 
reached speed 

232. For C armature coils and P poles, the back 
pitch for simplex lap winding is 

(fl)| + K (i)f- K 

(c) y ±K (<0 2CP±K 


233. 


For C coils and P poles the commutator 
pitch for simplex winding is. 


(a) 

(c) 


C+l 

P/2 

C±2 

P/2 


(b) 

(d) 


C- 1 
P/2 
C± 1 

P/2 


234. The possible resistance of a shunt field 

winding of a d.c. machine is. 

(a) IQ, (b) 2Q 

(c) 200ft (d) 20ft 


235. A dc shunt motor is. 

(a) variable speed motor 

(b) adjustable speed motor 

(c) constant speed motor 

(d) variable constant speed motor 

236. In a d.c. series motor the terminal voltage 

with increase in load. 

(a) decreases 

(b) increases 

(c) remains unchanged 

(d) none of the above 


237. A differentially compounded degenerator 
is delivering full load current at a terminal 
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voltage of 220 V. If the series field wind¬ 
ing is shorted then its terminal voltage 

(a) becomes more than 220 V 

( b ) becomes less than 220 V 

(c) remain the same 

(d) none of the above 

238. Speed control by flux variation of field 
ckt results in 

(a) constant power drive 

( b ) variable power drive 

(c) constant torque drive 
(cl) variable torque drive 

239. In Swinburne test the full motor is run as 

(a) motor at full load 

(b) motor at 1/2 load 

(c) no load 

(d) any load 

240. In a d.c. shunt motor, the brushes are 
moved in the direction of rotation, with 
this commutation is 

(a) improved and speed falls 

( b ) worsened and speed falls 

(c) worsened and speed rises 

(d) improved speed rises 

*241. An R-L-C series circuit resonates at a 
frequency w r The ratio of v^L/R = 10. 
The variable frequency voltage applied to 
the circuit is 20 sin (cor= n/3) The voltage 
measured across the capacitance is 

{a) 200^2 V (b) ™ V 

(C) 20V2V (d) ^=V 

242. A triode amplifier has a load resistance 
equal to the plate resistance to triode. The 
voltage gain of the amplifier is equal to 

(a) twice the amplification factor 

( b) the amplification factor 

(c) half the amplification factor 

(d) one-fourth the amplification factor 

243. A transformer can have zero regulation 

(a) at zero power factor 

(b) at lagging power factor 

( c ) at leading power factor 


(d) at unity power factor 

244. Dynamic braking of a d.c. motor is 
effective if 

(a) both armature and field are connected 
to the braking resistance 

(b) armature is connected to braking resis¬ 
tance and the field is disconnected 
from the mains 

(c) field is connected to braking resis¬ 
tance and armature is disconnected 
from the mains 

(d) the armature is connected to braking 
resistance and field is connected to 
the mains 

245. The armature reaction in d.c. machines 

(a) effectively increases the core loss in 
the armature 

(b) effectively decreases the core loss in 
the armature 

(c) increases the hysteresis loss but does 
not effect eddy current loss 

(d) does not have any effect on the arma¬ 
ture core loss 

*246. A shunt generator has a critical field resis¬ 
tance of 300 ohms at a speed of 800 rpm. 
If the speed is raised to 1000 rpm the 
critical field resistance is 
(a) 240 ohms . ( b) 300 ohms 

(c) 375 ohms (d) Indeterminate 

247. The pull-out torque of a 3-phase induction 
motor of negligible stator impedance is 

(a) directly porportional to the rotor resis¬ 
tance 

(b) inversely proportional to the rotor 
resistance 

(c) directly proportional to the rotor 
leakage reactance 

(d) inversely proportional to the rotor 
leakage reactance 

248. When the applied voltage to an induction 
motor is varied keeping the frequancy at 
rated value 

(a) the torque varies in direct proportion 
to the voltage 
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(b) the torque varies in direct proportion 
to the square of the voltage 

(c) the torque varies in inverse proportion 
to the voltage 

d) the torque varies in inverse proportion 
to the square of the voltage 

249. A 3-pahse alternator supplies rated load 
at rated voltage. When the load is thrown 
off keeping the speed and excitation con¬ 
stant, the terminal voltage falls. The load 
thrown off 

(a) is unity power factor load 

( b ) is lagging power factor load 

(c) is leading power factor load 

(d) any of the above 

250. The field winding of a d.c. motor running 
normally suddenly breaks. Then 

{a) the motor continues to run at normal 
speed 

( b ) the speed of the machine rises abnor¬ 
mally causing damage to the mechani¬ 
cal parts 

(c) the speed of the motor reduces 
gradually 

( d ) the armature current will slightly in¬ 
crease causing a slight change in speed 

251. The ratio of transformation of the main 
transformer in a scott connection is T. The 
ratio of transformation of the teaser is 
\a) T 

(b) 0.866 T 



(, d) can be any power factor load 

252. In resistance welding pneumatic pressure 
is applied during 

(a) squeeze time only 
(, b ) weld time only 

(c) squeeze and weld time only 

(d) squeeze, weld and hold time 

253. For welding aluminium alloys the method 
of welding used is 

(a) tungsten arc welding 

(b) acytelene oxygen gas welding 
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(c) d.c. arc welding 

(d) a.c. arc welding 

254. Bundle conductors have 

(a) increased reactance and increased 
critical value of voltage for the for¬ 
mation of corona 

(b) reduced reactance and increased criti¬ 
cal value of voltage for the formation 
of corona 

(c) increased reactance and reduced criti¬ 
cal value of voltage for the formation 
of corona 

(d) reduced reactance and reduced critical 
value of voltage for the formation of 
corona 

255. An over head line conductor has an in¬ 
ductance per unit length of E henry. If 
the entire medium around the conductor 
is filled with a dielectric of permittivity 
V the inductance will be 

(a) Le (b) L fc 

(c) L/'Je (d) unchanged 

256. The rated making capacity of a circuit 
breaker is 

(a) 2.55 limes the rated symmetrical 
breaking capacity. 

(/?) 3 limes the rated service voltage multi¬ 
plied by rated asymmetrical current. 

(c) 2.55 times the rated asymmetrical 
breaking capacity 

(d) Recovery voltage multiplied by break¬ 
ing current 

*257. In an induction relay for a particular cur¬ 
rent setting the operating lime is 4 sec. 
when the time multiplier setting is 0.8. If 
the time multiplier setting is reset to 1.0 
the operating lime is 
(a) 5 sec (/?) 3.2 sec 

(c) 2.56 sec (d) unchanged 

258. To measure the resistance of an ammeter 
shunt which of the following methods is 
best slifted ? 

(a) Substitution method 

(b) Loss of charge method 
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(c) Crompton potentiometer 

(d) Kelvin double bridge 

*259. The equivalent resistance between the ter¬ 
minals X and Y in the circuit shown (Fig. 
QB-4) is 



Fig. QB-4 . 

(a) 2 ohms ( b ) 1 ohm 

(c) 5 ohms (d) 1.8 ohms 

260. A metal filament lamp X rated 40 watts, 
100 volts is connected in series with 
another lamp Y of the same type but rated 
100 watts, 200 volts. A voltage of 200 
volts is applied across the combination 
then 

\a) Lamp X gives more light 
0 b) Lamp Y gives more light 

( c ) Both X and Y will be equally bright 

(d) None of the lamps will glow 

*261. An ax. voltage of 200 V at 50 Hz is 
applied to a coil which draws 5 amp and 
dissipates 1000 watts. The resistance and 
impedance of the coil respectively are 

(a) 40 ohms and 40 ohms 

(b) 10 ohms and 5 ohms 

(c) 10 ohms and 30 ohms 

(< d) 200 ohms and 40 ohms 

262. Which of the following statements is true ? 

(a) Lead acid cells can be charged and 
discharged without affecting the plates 
at a very high rate. 

(b) Ampere hour efficiency of a nickel 
iron cell is less than that of a lead 
acid cell of the same capacity. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(c) Most corrosive and acid fumes are 
produced in nickel-iron cells. 

{d) A lead acid cell can be kept in dis¬ 
charged condition for a long time and 
yet can be recharged easily. 

*263. In a 50 Hz, 4 pole, 3 phase induction 
motor running at 1440 rpm, the frequency 
of rotor currents is 

(a) 50 Hz ( b ) 48 Hz 

(c) 2 Hz (d) 52 Hz 

*264. A 3-phase induction motor draws a current 
of 50 A from mains when started by direct 
switching. If an auto transformer with 
60% tapping is used for starting, the cur¬ 
rent drawn from the mains will be 
(a) 50 A ( b ) 18 A 

(c) 36 A (d) 83.3 A 

*265. The balanced short-circuit current of a 
3-phase alternator is 50 A at a speed of 
1500 rpm. For the same field current the 
balanced short-circuit current at 1200 rpm 
would be 

(a) 62.5 A (b) 40 A 

(c) 50 A (d) zero 

266. Demand factor is defined as the ratio of 

(a) average demand to connected load 

(b) maximum demand to average demand 

(c) maximum demand to connected load 
(i d ) connected toad to maximum demand 

267. One a.m.u. of mass defect is equal to 

(a) 931 eV of binding energy 

(b) 931 x 10 2 eV of binding energy 

(c) 931 x I0 4 eV of binding energy 

(d) 931 x 10 6 eV of binding energy 

*268. A train has a scheduled speed of 36 kmph 
on a level track. If the distance between 
the stations is 1 km and the stoppage time 
is 20 secs the actual time of run will be 
(a) 120 sec ( b ) 80 sec 

(c) 100 sec (d) 60 sec 

269. Surge tanks are provided in hydro-stations 
in order to 
(a) store water 

(. b ) meet the peak load requirements 
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(c) prevent pressure waves in penstock 

(d) provide flood relief at the dam 

270. The capacitance measured between any 
two cores of a three phase belted cable 
is 0.3 farads per km. The capacitance of 
each conductor to neutral is 

(a) ,0.2 farad (b) 0.15 farad 
(c) 0.6 farad (d) 0.45 farad 

*271. The line current I R flowing into_a balanced 
delta connected load is -j'5V3 A. If the 
phase sequence is R Y B the phase curent 
I Y b 

(a) 5 Z0° A (b) 5 Z-180 0 A 
(c) 5 Z-90° A . (d) 5 Z90° A 

*272. Three resistance 100 ohms, 50 ohms, and 
10 ohms are connected in parallel, com¬ 
bined resistance will be 

(a) 160 ohms 

( b ) between 50 and 100 ohms 

(c) less than 10 ohms 

(d) between 10 and 500 ohms 

*273. The resultant capacitance between the ter¬ 
minals A and B in the network shown in 
Fig. QB-5; all values being given in 
micro-farads, is 


® 3 a 3 


■ 2 : 

-2 z 

11 

3 3 I 

Fig. QB-S. 

- II — 1 

3 3 


B 


(a) 1.5 ( b ) 15 

(c) 1 (d) 25 


274. A capacitor used on a 230 V a.c. supply 

should have a peak voltage rating of 
(a) 115 V (b) 230/V2V 

(c) 325 V (d) 230 V 

275. An RLC series circuit having R = 5 ohms, 
X L = 10 ohms and X, ; = 15 ohms is fed 
from a voltage of e = .100 sin (314/), the 
r.m.s. current will be 

(a) 3.33 A (b) 10 A 


(c) 14.14 A (d) 2,1 A 

276. Two impedances (10 + j 10) and (10 - 
7 * 10 ) ohms are connected in parallel. The 
combined impedance is 4 

(a) 24+7*0 

(c) j 20 (d) 10 + 7 O 

277. Transformers use laminated core 

(a) to reduce copper loss 

(b) to reduce eddy current loss 

(i c ) to reduce eddy current and hysteresis 
losses 

( d) to reduce eddy current, hysteresis and 
copper losses 

278. A single phase transformer has a turns 
ratio of 10 : I. The primary winding has 
a resistance of 2.1 ohms, and the secon¬ 
dary winding has a resistance of 0.02 
ohms, total resistance referred to primary 
is 

(a) 2.12 ohms ( b ) 0.041 ohms 

(c) 2.3 ohms (d) 4.1 ohms 

279. In a no load test on a 1000V/100 V 
transformer with 100 V winding open, the 
wattmeter reading was 180 W. If the test 
is repeated with 1000 V winding open, 
the wattmeter will read. 

(a) 180 W (b) 18 W 

(c) 1.8 W (d) 1800 W 

*280. A transformer gives maximum efficiency 
when it operates at full load. Total losses 
at full load are 400 W. Copper losses at 
half load are 

(a) 200 W (b) 400 W 

(c) 100 W (d) 50 W 

*281. Two coils having self-inductances of 2 H 
and 4 H are coupled to have a mutual 
inductance of 2 H. The maximum self-in¬ 
ductance by interconnecting them is 
(a) 8 H (b) 6 H 

(c) 10 H {d) 16 H 

*282. Three resistances are connected in delta. 
Their values are 20, 30 and 50 ohms. The 
resistance elements in the equivalent star 
network are 
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(a) 18, 72, 36 (b) 10, 5, 1 

(c) 10, 6, 15 (d) 6, 12, 18 

283. An air cored parallel plate condenser has 
a capacitance of ’C’ Farads. If a thin foil 
is introduced at the centre and parallel to 
outer plates and a new capacitor is formed 
between the foil and the two outer plates 
bunched together, then the capacitance of 
the new capacitor in farads is 

(a) 4C ( b ) 2C 

(C) C (d) | 

284. In a RLC series circuit, the voltage across 
the cpacitance is greater than the voltage 
across the inductance. The nature of the 
power factor of the circuit is 

(a) unity 

(b) leading 

(c) lagging 

( d ) cannot be determined with the given 
data 


285. The resistance of a 2 network ‘N’ is 100 
ohms, when d.c. is applied to it, while its 
impedance on 50 Hz is 50 ohms. The 
network contains only two elements. Then 
4 N’ is a 

(a) series combination of inductance and 
resistance 

(b) parallel combination of inductance 
and resistance 

(c) series combination of capacitance and 
resistance 

(d) parallel combination of capacitance 
and resistance 


286. The voltage applied across a load and the 
current through it are given respectively 

b y ' 

v(t) = 100^2 sin (314 1 + 120°) 
i(t) = 5 sin (314? + 60°) 

The power consumed by the load is 

(a) 125V6 W (b) 125^2 W 
- (c) -125 V2 W ( d ) 250 <2 W 


287. When two wattmeters are used to measure 
the power in a three phase balanced cir¬ 


cuit, one of the wattmeters reads negative, 
when 

(a) the power factor angle is greater than 
60° 

( b ) the power factor angle is 90° 

(c) the power factor angle is less than 30° 

(d) the power factor angle is 30° 

*288. When 10 V is applied to an a.c. circuit 
consisting of 1 £2 resistance, 1 H inductor 
and 4F capacitor in series at its resonant 
frequency, then the maximum energy 
stored in the circuit is 

(a) 50 joules ( b ) 100 joules 

(c) 200 joules (d) 250 joules 

289. The line currents of 3-phase balanced stai 
connected load is I amps. If these resistors 
are connected in delta across the same 
source the current in the lines now will 
be 

(fl)Vs i (b)^ 

(C) 3 1 (d) | 

290. The reverse and forward resistances of an 
ideal dipde are,respectively 

(d^zero and zero 

( b ) zero and infinity 

(c) infinity and zero 

(d) infinity and infinity 

291. In common emitter configuration of a 
transistor, the purpose of the capacitance 
across the emitter lead resistor is 

(a) to increase the mid frequency current 
gain 

(b) to set up the quiescent current 

(c) to increase the mid frequency voltage 
gain 

(d) to provide a.c. coupling between the 
signal source and the transistor 

292. The reduction in voltage gain at high 
frequencies in R-C coupled amplifier is 
because of 

(a) coupling 

(b) collector-emitter capacitance - 
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(c) low value of a 

(d) high values of load resistance 

293. A storage cell in an automobile has 

(a) lead plates for both electrodes and 
HN0 3 for electrolyte 
(ib ) lead for negative, zinc for positive 
electrode and H 2 SQ 4 as electrolyte 
(c) Zinc for negative, Ni for positive 
electrode and H 2 S0 4 as electrolyte 
id) lead for negative, Pb0 2 for positive 
electrode and sulphuric acid as 
electrolyte 

294. A d.c. shunt motor takes a current of 
lamps at a speed of n r.p.m. If the torque 
is constant and the speed is changed to 
‘2n’ by armature voltage control method, 
then neglecting losses, the current in amps 
will be 

\a) 1/2 (b) l 

(c) 21 (d) 4/ 

295. The interpole in a d.c. shunt machine is 
connected 

(a) in series with the armature winding 

( b ) in series with the field winding 

(c) in parallel with the field winding 

(d) in parallel with the armature winding 

296. A d.c. machine has a lap connected ar¬ 
mature winding. The resistance of the wire 
used for the winding is 4 ohms. If the 
number of poles is 4, the armature resis¬ 
tance of the machine is 

(a) 4 ohms (b) 1 ohm 

(c) 0.25 ohm (d) 0.5 ohm 

297. To vary the speed of a d.c. shunt motor 
below rated value 

(a) the field resistance is increased 

(b) an extra resistance is ; included in series 
with the armature 

(c) an extra resistance is placed parallel 
to the field winding 

(d) an extra resistance is placed parallel 
to the armature winding 

*298. If the total losses in a d.c. shunt motor 
are 1250 W at full load and 500 W at 
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half full load then the maximum efficiency 
of the motor occurs at 
(a) 25% full load ( b ) 50% full load 
(c) 75% full load (d) full load 

299. A level compounded d.c. generator has 

(a) rated terminal voltage at all loads 

(b) rated terminal voltage at no load and 
full load 

(c) rated terminal voltage only at full load 

(d) rated terminal voltage only at no load 

300. The short-circuit test conducted on a 
single-phase 5 : 1 transformer , from the 
H.V. side with L.V. side short-circuited, 
gives a wattmeter reading of 1000 W. If 
the test is conducted from L.V. side and 
short circuiting H.V. winding the watt¬ 
meter reading will be (rated current is 
circulated in each test) 

(a) 200 W (b) 400 W 

(c) 1000 W (d) 5000 W 

*301. If the no-load loss in a single-phase trans¬ 
former is 1 kW and the full load losses 
are 3 kW, then the maximum efficiency 
of the transformer occurs at a percentage 
of full load equal to 
(a) 50% (b) 70.7% 

( c ) 86.6% (d) none of these 

302. If a 200 V, .50 Hz, 5 kVA transformer is 
operated on 200 V, 40 Hz supply the eddy 
current losses will be 

(a) increased by 25% 

(b) decreased by 25% 

(c) remain the same 

(d) will be halved 

*303. A single phase 400/200 V transformer has 
full load regulation of 8% at 0.8 p.f. 
lagging. To have a terminal voltage of 
200 V while supplying rated kVA at lag¬ 
ging power factor of 0.8 as above, the 

primary voltage must be 

(a) 432 V (b) 416 V 

(c) 368 V (d) 384 V 

304. Even though the principles of operation 
of transformer and induction motor are 
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based on magnetic induction the no load 
current of the induction is relatively more 
than that of a transformer of the same 
rating because 

(a) the induction motor has a rotating 
secondary 

( b ) the induction motor primary winding 
is distributed in slots 

( c) the induction motor converts electrical 
energy into mechanical energy 

( d ) of the air gap present in the induction 
• motor 

305. A 3-phase induction motor has a stalling 
speed which is 95% of its synchronous 
speed and has a rotor resistance per phase 
of 0. IQ. To have maximum torque at 
starting, the additional resistance tp be 
added per phase in the rotor (neglecting 
the magnetising current) is 

(a) 0.0512 (A) 0.1 £2 

(c) 0.9Q (cl) 1.9£2 

*306. A 6-pole induction motor is excited by a 
3-phase 50 Hz source. The motor is set 
to turn at 500 rpm in a direction opposite 
to that of the rotating field. The frequency 
of the rotor induced current is 
(a) 45 Hz (b) 75 Hz 

(c) 25 Hz (cl) 100 Hz 

307. A 3-phase, 208 V induction motor having 

a synchronous speed of 1200 r.p.m runs at 
a speed of 1140 r.p.m. when connected to 
215 V lines. If the voltage is increased to 
240 volts, the speed of the motor will be 

(a) 1250 r.p.m. (b) 1140 r.p.m. 

(c) 1200 r.p.m. (cl) 1152 r.p.m. 

308. For a synchronous machine connected to 
an infinite bus increase in excitation 
causes 

(a) change in terminal voltage 

(b) change in frequency 

(c) change in active power 

(d) change in reactive power 

309. Synchronous reactance of a synchronous 
machine 
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(a) is a synonym for leakage reactance 

(b) takes care of only armature reaction 
of the machine 

(c) is a conceptual representation of both 
leakage reactance and armature reac¬ 
tion of the machine 

(d) is responsible for the operation of the 
motor at constant speed 

310. V- curves of synchronous motor relate 

(a) power developed and power angle of 
the motor 

(b) power factor and the stator current of 
the motor 

(c) power factor and exciting current of 
the motor 

(d) armature current and field current of 
the motor 

311. Base load plants are designed to supply 
power at 

(a) high capital cost and lwo operating 
cost 

( b ) high capital cost and high operating 
cost 

(<:) low capital cost and low operating 
cost 

(d) low capital cost and high operating 
cost 

312. The alternators used in thermal plants are 
usually of 

(a) 13.8 kV. 50 Hz. 2 pole, salient-pole 
type rotor 

(/?) 13.8 kV. 50 Hz, 16 pole, salient-pole 
type rotor 

(c) 13.8 kV, 50 Hz. 2 pole, cylindrical 
type rotor 

(cl) 13.8 kV, 50 Hz, 16 pole, cylindrical 
type rotor 

313. The order of load factor of a nuclear 
power station is 

(a) 40 to 50% (b) 50 to 65% 

(c) 80 to 90% (cl) none of the above 

314. A synchronous generator is connected to 
an infinite bus. When the excitation of 
the generator is increased 
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(a) the voltage at the infinite bus will 
increase 

( b) the generator supplies more of lagging 
reactive power 

(c) the generator receives more of lagging 
reactive power 

( d ) it supplies increased active powir 

315. In a short transmission line, receiving end 
voltage is found to be more than the 
sending end voltage. This is possible if 
the power factor of the load at the receiv¬ 
ing end is 

(a) lagging ( b ) leading 

( c ) unity (d) zero 

316. Buchholz relay is used in power systems 
for protection against 

(a) faults in generator 

(b) faults in transmission lines 

(c) earth faults primarily in generators 
id) internal faults in a transformer 

317. String efficiency of an insulator string can 
be increased by 

(a) increasing no. of strings in the in¬ 
sulator 

(b) increasing the ratio of capacitance to 
earth to capacitance per insulator 

(c) correct grading of the various 
capacitances 

(d) reducing the no. of insulators in a 
string 

318. In EHV transmission, bundled conductors 
are 

(a) increasing power capacity of the line 
(/?) reducing corona loss 

(c) reducing the possibility of a lightning 
stroke 

(d) increasing stability of the line 

319. Transposition of three-phase transmission 
line is done to 

(a) increase stability 

( b) give better protection against surges 

(c) increase efficiency of' the fine 

(d) Obtain uniform inductance to all three - 
phascs 
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320. If the strands are twisted the fusing current 
will be 

((f) increased 
( h ) reduced 

(c) the same as before 

(d) may increase or decrease 

321. Thyrite is used in lighting arrestors be¬ 
cause of its 

(a) straight line characteristic 
( h) non-linear characteristic 

(c) low cost 

(d) none of' the above 

322. In a circuit breaker the arc quenching can 
be increased by 

(a) lengthening the gap 

(b) cooling 

(c) blast effect 

(d) any of the above 

323. Per cent differential protection is used to 
prevent against 

(a) inter-turn faults 

( b ) external faults 

(c) heavy loads 

(d) magnetising currents 

324. The secondary of a current transformer is 
always short-circuited through a low resis¬ 
tance or an ammeter 

(a) to get accurate measurement 

(b) to avoid excessive current in primary 
(r) to establish current in the secondary 
(d) none of the above 

325. Range of a moving coil voltmeter can be 
increased by 

(a) connecting a low resistance in series 

(b) connecting a low resistance in parallel 

(c) connecting a high resistance in parallel 

(d) connecting a high resistance in series 

*326. Which of the following instruments has 
the best accuracy? 

(a) Moving coil (b) Moving iron 

(c) Hot wire (d) Thermal 

*327. The voltmeter reading in the following 
circuit (Fig. QB-6) would be 
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Fig. QB-6. 


(a) 0 V 
<c)f v 


(b) jV 

wf v 


328. Electrodynamic instruments can be used 
for the measurement of 

(a) a.c. voltages (b) d.c. voltages 
(c) a.c. power (< d) all the above 

329. The average human eye is most sensitive 
to radiation of wavelength 

(a) 4550A ( b ) 5050A 

(c) 5550A (d) none of the above 

330. The reflection factor is invariably 

(a) equal to unity ( b ) greater than unity 
(c) less than unity (d) equal to zero 

331. Fluorescent lamps are preferred in a fac¬ 
tory environment because 

(a) their initial cost is low compared to 
the other form of lighting 

( b) high luminous efficiency and long life 

(c) the fittings have a nice appearance 

(d) none of the above 

332. Electric heating is preferrable because of 
its 

(a) low maintenance cost and higher effi¬ 
ciency 

(b) quicker operation, cleanliness, and 
accurate control of temperature 

(c) (a) and (b) 

(d) none of the above 

333. The heating elements of resistance ovens 
are usually 

(a) alloys of nickel, chronium and copper 

( b ) alloys of nickel and iron 

(c) alloys of nickel, chromium and iron 

(d) none of the above 


334. The material for a heating element should 
have 

(a) high specific resistance, high melting 
point and low temperature coefficient 

( b ) high specific resistance, low melting 
point and low temperature coefficient 

(c) high specific resistance, high melting 
point and high temperature coefficient 

( d) low specific resistance, high melting 
point and low temperature coefficient 

335. Choice of an electric drive for a specific 
application depends upon 

(a) electrical characteristics and mechani¬ 
cal features 

(b) size of motor 

(c) cost of the drive 

(d) all the above 

336. During regenerative breaking, energy is 

(a) dissipated in an electrical resistor 

(i b ) returned to supply lines 

(c) stored in the form of kinetic energy 

(d) none of the above 

337. The drive motor for a large rice mill 
would be 

(a) synchronous motor 

( b ) squirrel-cage induction motor 

(c) slip-ring induction motor 

(d) D.C. shunt motor 

338. The drive motor for a locomotive would 
be 

(a) synchronous motor 

(b) d.c. series motor 

(c) induction motor 

(d) schrage motor 

339. In electroplating 

(a) the article to be plated is made the 
anode and the metal to be deposited 
as the cathode 

(b) the article to be plated is made the 
cathode and the metal to be deposited 
as the anode 

(c) the choice of cathode and anode can 
be arbitrary 
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(d) the potential difference between 
cathode and anode is the only impor¬ 
tant factor 

340. Supply for electroplating is obtained from 

(a) a heavy current and low voltage gene¬ 
rator 

(b) a low current and high voltage gene¬ 
rator 

(c) a heavy current and high voltage gene¬ 
rator 

(d) a low current and low voltage gene¬ 
rator 

*341. A 250 volts, 50 Hz supply is applied 
across a capacitor of 1/314 farads. The 
current through the capacitor is 

(a) 250/(50 x 314) amp. 

(b) 250 amp. 

(c) 250 x 50 x 314 amp. 

(d) 250 x 314 x 314 amp. 

342. A 250 volts, 50 Hz supply is applied 
across a coil consisting of 0.1 henry in¬ 
ductance and 314 ohm resistance. The 
current in the coil 

(a) lags the voltage by 0.1 radian 

( b ) leads the voltage by 0.1 radian 

(c) is in phase with the voltage 
{d) lags the voltage by 10 radians 

343. The back e.m.f. induced in a D.C. motor 
is given by 

<|> = flux per pole; Z = total no. of con¬ 
ductors; 

t| = r.p.s.; P = No. of poles; A = No. 
of parallel paths 

(a) <t>.Z.r|.P/A (b) <)>.A.Z.P/tl 

(c) Z.ri.P.A./<t> {d) <(>.Z.A.r|/P 

344. The Q-factor of an R-L-C series circuit 
is gi ven by 

(a) V(L/ CR) (b) 1/R.V( 1/LC) 

(c) 1/R."'/(LQ (d) 1/R. V(L/C) 

345. A 6-pole induction motor is running from 
50 Hz supply. The e.m.f. induced in its 
rotor is of frequency 2.5 Hz. The speed 
of the motor is 

(a) 50 r.p.m. (b) 1000 r.p.m. 
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(c) 950 r.p.m. ( d) 1050 r.p.m. 

346. An amplifier has a gain of 10,000. Ex¬ 

pressed in decibels the gain is 

(a) 10 (b) 40 

(c) 80 id) 100 

347. When base to emitter is forward biased 
and collector to base is reverse biased 

(a) transistor is in active region 

( b ) transistor does not conduct 

(c) transistor is in saturation 

(d) transistor is in inverse mode operation 

348. The following motor is not self starting 
type of motor : 

(a) D.C. shunt motor 

(b ) D.C. series motor 

(c) 3-phase-induction motor 

(d) 3-phase synchronous motor 

349. The semiconductor diode is a, 

(a) unipolar, unilateral device 

(b) bipolar, unilateral device 

(c) bipolar, bilateral device 

(d) unipolar, bilateral device 

350. When LED emits light its anode-cathode 
voltage is 

(a) 0.7 V (b) 0.3 V 

(c) 1.1 V id) 5 V 

351. A supply of 110 V, 50 Hz is connected 
across a R-L-C series circuit. R = 5 ohms. 
L = 0.4 henry and a variable capacitor. 
The value of capacitance in farads to give 
resonance is 

(a) 0-0.4 farads 

(b) 0.4/(314 x 314) farads 

(c) l/(0.4 x 314 x 314) farads 

(d) l/(0.4 x 50 x 50) farads 

352. A 10 ohm resistor is connected across 100 
volts, D.C. supply. If an unknown resistor 
R is connected in parallel with 100 ohm 
resistor across the supply the current 
drawn from the supply is doubled. The 
value of unknown resistor R is 

(a) 20 ohms (b) 5 ohms 
(c) 15 ohms ( d) 10 ohms 
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*353. Five resistors of 2 ohms each are avail¬ 
able. The minimum resistance that can be 
obtained by connecting all these will be 

(a) 5/2 ohm (b) 2/5 ohm 
(c) 10 ohm (d) 2 ohm 

*354. The equivalent resistance between the ter¬ 
minals X Y in the circuit shown below is 

(a) 4/3 ohm ( b ) 6 ohm 

(c) 3 ohm (d) 3/4 ohm 


Ri = 6 ohm 
Rz = 1 ohm 


Fig. QQ-7. 

355. 1 kWh electrical energy is equivalent to 
following heat energy in calories 

(a) 3600 x 4.18/(1000) 

(b) 4.18 x 1000/(3600) 

(c) 3600/1000 

(d) 1000 x 3600/(4.18) 

356. If a charge of ‘Q’ coulomb’s is enclosed 
within a surface of any shape whatsover 
then total lines of force across the surface 
will be 

/' (a) 4Q (b) 2Q 

(c) Q (d) 1/Q 

357. Which of the following metals has the 
lowest specific resistance? 

(a) Copper (b) Silver 

(c) Aluminium (d) Iron 

358. Which of the following insulating 
materials can withstand temperature rise 
greater than 180°C ? 

(a) Silk (b) Epoxy resin 

(c) Polyurethane ( d) Mica 

359. The plot of water flow available in a 
stream against percentage of time used 
for assessment of hydro-power is called 
(a) hydrograph (b) mass curve 

(c) flow duration ( d) load flow 



360. Which of the following is a fissile 
material? 

(a) U-238 ( b ) Th-232 

(c) U-234 (d) Pu-239 

361. A power plant with a load factor of 0.5 
produces energy of 16,000 MWHrs with 
a maximum demand of 8000 kW over a 
time period. For how many hours has the 
plant been in operation? 

(a) 8000 hrs (b) 4000 hrs 

(c) 8760 hrs (d) 1000 hrs 

362. The geometric mean radius of a conductor 
of radius r is 

(a) r (b) l/r 

(c) 0;7788 r (d) 1/(0.7788 r) 


363. The effect of earth on line capacitance is 

(a) to increase it 

( b ) to decrease it 

(c) to decrease it if the conductors are 
high above the ground 

(d) not to change its value irrespective of 
the conductor position 


*364. A single phase transmission line with an 
impedance of (4 + 7 IO) Cl operating with 
a receiving end voltage of 33 kV supply¬ 
ing a load current of 132 A at unity power 
factor has a percentage regulation of 
(a) 1 . 2 % ( b ) 1 . 6 % 

(c) 4% (d) 5.6% 


365. Germanium is 

(a) trivalent (b) tetravalent 

(c) divalent ( d) monovalent 


366. For a transistor amplifier a = 0.96 the 
value of P is 

(a) (1 - 0.96)/0.96 

(b) 0.96 

(c) 0.96/(l - 0.96) 

(d) (1 - 0.96) 


367. The input resistance of a transistor 
amplifier in common-emitter mode is of 
the order of 

(a) 10 ohms ( b ) 1 ohm 

(c) 1 kilo, ohjus (d) 10 8 ohms 
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368. In two watt-meter method if the two watt 
meters read positive values and are equal 
then the power factor of the load is 

(a) leading power factor 

(b) zero power factor 

(c) lagging power factor 

( d) unity power factor 

369. In a circuit connected to A.C. supply a 
moving iron ammeter is reading 25 amps. 
The average value of this current is 

(a) 25 ' (b) 25/1.11 

(c) 25 x 1.11 (d) 25 x (2 ) 1/2 

370. The yoke of a DC machine is made of 

'(a) aluminium ( b ) copper 

( c ) silicon steel ( d) cast iron 

371. In a moving coil ammeter the scale on 
the dial is 

(a) cramped at the beginning 

(b) cramped at the end 

(c) cramped in the middle 
(i d) uniform throughout 

372. In a single phase shell type transformer 
if the flux in the central limb is <|>; the 
flux in the outer limbs will be 

(a) 4<t> (b) 2<(> 

(c) | (d) <> 

373. For an ideal transformer 

(a) efficiency = 1 (b) efficiency > 1 
(c) efficiency < 1 id) efficiency = 0 

*374. During a test on 6 kVA transformer it is 
found that iron losses are 120 W, full load 
copper losses are 200 V. The total losses 
at half full load will be 
(a) 80 W (b) 160 W 

(c) 320 W (d) 170 W 

375. A 25 kVA, 2200/220 V transformer has 
primary resistance Rj = 1 ohm, secondary 
resistance is 

(a) 1.5 ohm (b) 6 ohms 
(c) 1.05 ohm (c) 0.15 ohm 

376. The current chopping occurs generally in 
the following types of circuit breakers 


(a) Air blast circuit breakers 

(b) Cross jet explosion pot circuit 
breakers 

(c) Small oil volume circuit breakers 

(d) Vaccum circuit breakers 

377. In case of long transmission line with 
usual notation the line constant B is given 
by 

(a) (Z/Y) 1/2 sinh (YZ) 1/2 

(b) (Y/Z) 1/2 sinh (YZ) 1/2 

(c) (Y/Z) 1/2 cosh (YZ) 1/2 

(d) 1/(YZ) 1/2 sinh (Y/Z) 1/2 

*378. If the spark over voltage for an insulator 
string of 4 discs is 36 kV and the string 
efficiency is 90%, the spark over voltage 
of each disc is 
(a) 9 kV (b) 10 kV 

(c) 3.24 kV (d) 11 kV 

379. For normal induction motor operation the 
slip will be in the range of 

(a) 1 < S < 2 (b) 0 < S < 1 

(c) S < 0 (d) S > 2 

380. The electric motor which works on both 
a.c. and d.c. supply systems is 

(a) induction motor 

( b ) synchronous motor 

(c) d.c. shunt motor 

(d) d.c. series motor 

381. Assume that Fig. QB-8(a) and Fig. QB- 
8(b) are electrical equivalent circuits. The 
current source is equal to 

-WAAr—OX 


--OY 

Fig. QB.8(a) 

ox 


■O Y 

Fig. QB-8(b) 

(a) VR ( b ) R/V 
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382. 


*383. 


384. 


385. 


*386. 


Tl 


*1 


387. 


388 . 


(c) V/R ( d) 2VR 

N-type material is formed by doping ger¬ 
manium with an impurity ‘x’ material. 
The ‘x’ material is 
(a) pentavalent (b) monovalent 

(c) trivalent (d) divalent 

A lamp emits total flux of 3000 lumens. 
The M.S.C.P. of the lamp is 
(a) 3000 x 4n (b) 3000/471 

(c) 471/3000 (d) 3000 X ~ A 

4 

In an electric machine the space under 
the influence of two consecutive poles 
will constitute 

(a) 90 electrical degrees 

( b ) 180 electrical degrees 

(c) 270 electrical degrees 

(d) 360 electrical degrees 

In electric sewing machines the follwing 
motor is preferably used 

(a) D.C. shunt motor 

( b ) A.C. capacitor start motor 

(c) Universal motor 

( d) A.C. split field motor 

For the circuit shown below (Fig. QB-9) 
the total inductance between the terminals 
T| and T 2 will be 

0 i — ■ 

50»nH somH 

■ L 1s 100QmH # L2g 20QmH 

Fig. QB-9. 

(a) 200 mH (b) 350 mH 

(c) 250 mH (d) 400 mH 

The following types of instruments are 
used for accurate measurements of D.C. 
voltages and currents: 

(a) Permanent magnet moving coil 

( b ) Moving iron 

(c) Rectifier 

(d) Dynamometer 

The best method for precise measurement 
of low resistance is 


(a) Wheatstone bridge 

(b) Loss of charge method 

(c) Ohm meter 

(d) Kelvin double bridge % 

389. If L| is self-inductance of first coil, 1^ is 
self inductance of second coil and M is 
mutual inductance between them, the 
coefficient of coupling K between two 
coils is equal to 

(a) M/(L, x L 2 ) ,/2 

(b) L, x L 2 /M 

(c) (L, x L 2 ) ]/2 /M 

(d) (L, x L 2 /M) ,/2 

390. For a full wave rectifier input voltage E, 
= E, max sin (to/). The average d.c. output 
voltage E av = 

(«) 2 1/2 E max (b) E max /27t 

(c) 271 E max (d) 2 E m Jn 

391. Under normal conditions a D.C. shunt 
motor has with V = applied voltage, R = 
armature resistance, E = back e.m.f. the 
armature current I = 

(a) (V - E)/R (b) V/R 

(c) E/R (d) (V+E)/R 

392. Silicon controlled rectifier basically has 
got the following number of layers of 
materials in its internal structure : 

(a) Two ( b) Three 

(c) Four (d) Five 

393. Which of the following phosphorus gives 
green colour in llourescent lamps ? 

(a) Cadmium borate 

(b) Magnesium tungstate 

(c ) Calcium tungstate 

(d) Zinc silicate 

394. Which of the following lamps give 
monochromite light ? 

(a) Neon lamps 

( b ) Sodium vapour lamps 

(c) Flourescent lamps 

(d) Mercury vapour lamps 


395. The best method for underground railway 
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system is 

( a ) steam traction 

(b) electric traction 

(c) direct IC engine traction 

(d) IC engine with electric drive traction 

396. If a conductor of length T meters is 
cutting magnetic lines of force of flux 
density B Wb/m 2 at right angles with 
-velocity V meters per second then the 
voltage induced across the length of the 
conductor in volts is 

(a) B l/v ( b ) B//v 

( c) Ivl B (d) B v/l 

397. Schrag6 motor is a motor in which 

(a) power factor control only is possible 
and not speecT control 
C b ) speed control only is possible and not 
power factor control 

(c) supply is given through stator wind¬ 
ings 

(d) power is fed through the rotor slip 
rings 

398. In case of auto transformer starting of 
three-phase induction motors if n is the 
fraction of the turns ratio the starting 
torque compared to stator impedance 
method is 

(a) 1 / n times (b) \/n 2 times 
(c) n times (d) n 2 times 

399. When AC is applied to a DC series motor 

(a) it operates satisfactorily 

(b) it does not rotate at all 

(c) it operates with excessive sparking 
with poor power factor 

( d ) it is not self starting but once started 
it works satisfactorily 

400. A single core cable is one,k^ometer long. 

It has core diameter of 20 cm and sheath 
diameter of 60 cm. The relative permit¬ 
tivity of insulation is 4. The capacitance 
of cable is I 

(a) (4/18)10^(3) |iF 

(b) 18/(41og„3) pF 

(c) 4/(18 log,,3) pF 
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(d) 4/18 (log/1/3) pF 

401. Single phase induction motor possesses 

basically j 

(a) high starting torque ; 

(b) low staring torque 

(c) no starling torque 

(d) high starting torque compared to 
3-phase induction motor 

402. The induction regulator is constructionally 

similar to j 

(a) slip ring induction motir 

(b) cage type induction motor 

( c ) transformer with no movement pos¬ 
sible 

(d) auto transformer 

403. The slip S of an induction, motor during 
plugging or reverse current breaking con¬ 
dition will be in the range of 

(a) I < S < 2 (b) 0 < S < 1 

(b) S < 0 (d) 2 < S < 3 

404. The electric heating method adopted for 
case hardening is 

(a) h.f. eddy current heating 

(b ) radiant heating 
(d) dielectric heating 
(d) resistance heating 

405. The electric heating method employed for 
Ferro alloy manufacture is 

(a) submerged arc furnace 

(b) vertical core type induction furnace 

(c) salt bath heating 

(d) radiant heating 

406. For repair of/fractured casting the most 
commonly used welding method is 

(a) butt welding ( b) spot welding 

(c) seam welding (d) arc welding 

407. Candle power is defined as 

(a) rate of energy Eradiation in the form 
of light waves 

(/?) luminous flux per unit solid angle 

(c) luminous emitted in a unit solid angle 

(d) luminous flux received by a surface 
of unit area 
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408. The action in Kaplan turbine is of the 
lype 

(a) low head axial flow type 

(b) inward flow impulse type 

(c) outward How reaction type 

ic) high head mixed flow type 

409. During the starting of an ordinary domes¬ 
tic tubelight the ballast voltage introduced 
across choke is of the order of 

{a) 1 V (b) 100 V 

(c) 10 V (d) 1000 V 

410>, The permissible velocity of water through 
penstock for medium head water turbines 
in meters per second will be about 
(fl)ilO (b) 20 

(c) 4 (d) 0.5 

41L Synchronous reactance is 

(a) leakage reactance 

(b) armature reaction reactance 

(c) sum of both leakage reactance and 
armature reaction reactance 

(d) difference of armature reaction reac¬ 
tance and leakage reactance 

412o In a diode tube under the normal working 
conditions 

(a) electrons will flow anode to cathode 

(b) electrons will flow from cathode to 
anode 

fc) clectrones will not flow in the tube 
(d) holes will flow from cathode to anode 

413. In a solid P-N diode under normal work¬ 
ing conditions a i0°C rise in ambient 
temperature will 

id) increase the forward current through 
diode 

(b) decrease the forward current through 
diode 

(c) will not affect the forward current 
id) will reverse the current direction 

through diode 

414. In a incandescent lamp the filament 
material is made of 

(a) copper ( b ) tungsten 

(c) lead (d) mica 
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415o At maximum efficiency of a transformer 
the ratio of constant losses to variable 
losses is equal to 
(a) 1/2 (b) 2 

(c) 1 (d) 3 

416. In an A.C. circuit the voltage across an 
impedance and current through the im¬ 
pedance are given as v = V sin tor, i = I 
sin (cor - tp). The power absorbed in the 
impedance is 

(a) VI/2 cos <{> (b) VI cos <t>/V2 

(c) V cos <|) (d) 2 VI cos <(> 

417. In an A.C. circuit, the voltage across an 

impedance is 100 sin to t volts and currents 
through the impedance is 50 sin tor The 
resistance value of impedance is equal to 
(a) 2 ohm ( b ) 1 ohm 

(c) 50 ohm id) 100 ohm 

418. The full load armature current of a d.c. 
series motor is 5i] amps. If the load torque 

' is reduced to 50 percent full load torque 
the armature current will be in amperes 

(a) 50 (b) 

(c) 25 {d) 

419. A six pole lap \yound shunt generator 
supplies 290 amps to a load and the field 
current of the generator is 10 amps. The 
current in amperes per parallel path in the 
armature winding is equal to 

(a) 150 " (b) 290/2 

. (c) 50 id) 280/2 

420. The primary to secondary turns ratio of 
a transformer is 1 : 2. If primary is 
connected to 50 Hz supply the frequency 

of the secondary supply in Hz is __ 

(a) 50 ( b) 50/2 

(c) 2 x 50 id) 3 x 50 

421. A transformer has primary to secondary 
turns ratio = 1/100. The ratio of currents 
in the primary to that of secondary is 
equal to 

ia) 1/10 ib) 1/1 
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(c) 1/100 (d) 100/1 

422. In a three-phase induction motor the rotor 
imput power per phase is 6 kW. The rotor 
is running at 5 percent slip. The rotor 
copper loss per phase is equal to 

(a) 300 W (b) 600 W 

(c) 5 W {d) 100 W 

423. The ideal cross-section for the core of a 
transformer is 

(a) circular (7?) rectangular 

(c) cruciform (d) elliptical 

424. A 6 kVA, 200/400 V 50 Hz single phase 
transformer on short circuit test conducted 
at 22 V took JO A with test meter reading 
100 W on H.V. side. The full load copper 
losses in watts are 

(a) 100 (b) 150 

(c) 225 (d) 181.8 

425* The iron losses in a transformer when it 
is working at its maximum efficiency are 
750 W. Its copper losses will be 

(a) 375 W ( b) 750 W 

(c) 1125 W (d) 500 W 

426. In a hydro-electric power station surge 
tanks are constructed 

(a) to provide flood relief 

(b) to provide water in shortage period 

( c ) to provide water level control 

(d) to provide sudden pressure waves in 
pen stocks 

427. The accessory that absorbs heat from 
waste flue gases into the feed water in a 
thermal power plant is called 

(a) economiser ( b ) super heater 

(c) Air preheater (d) LP heater 

428. The following device is used as a lighten¬ 
ing arrester 

(a) thyristor (b) thryatron 

(c) triode ' (d) thyrite 

429. Weak negative magnetisation in certain 
solids is called 

(a) . diamagnetism 

( b ) paramagnetism 


(c) ferromagnetism 

(d) anti-ferro magnetism 

430. The velocity of travelling wave over a 
transmission line expressed in 10 8 m/sec 
is approximately 

(a) 100 (/;) 3 

(c) 50 (d) 25 

431. If/ is supply frequency in a high frequ¬ 
ency induction type of heating. The depth 
penetration of heat is proportional to 

Ui)-^ (b)f 

if 

(c) 2If (d) 1 // 

432. In dielectric type of heating the power 
absorbed is proportional to 

(a) V/ (b) W/f 

( c)flV (d) V 2 / 

433. The ash content of Indian coal expressed 
as percentage is approximately 

(a) 1 (b) 25 

(c) 5 (d) 10 

434. Transposition of overhead transmission 
lines will 

(a) increase the inductance value 

(b) decrease the inductance value 

( c) help in equivalizing the inductance 
value 

(i d) increase the capacitance value 

435. The charging reatance of 100 km line is 
750 ohm, the charging reactance of 200 
km length line will be in ohms 

(a) 375 (b) 750 

(c) 1500 (d) 1125 

436. The following type of insulator is used to 
take tension of the conductors at line 
terminals and at dead ends : 

(a) Suspension type 

(b) Pin type 

(c) Strain type 

(cl) Two suspension strings in parallel dis- 
positioned vertically 

437. The most suitable speed of a three phase 
turbo alternator given by a steam turbine 

Downloaded From : www.EasyEngineering.net 


Downloaded From : www.EasyEngineering.net 


34 

is used on 50 Hz supply in r.p.m 

(a) 3000 (b) 1000 

■ (c) 1500 (d) 750 

438. The self inductance of a coil with n num¬ 
ber of turns, T length of the wire and ‘a’ 
as cross section area of the conductor is 
proportional to 

(a) nl/a ( b ) n 2 Ua 

(c) n 2 a/l id) n/a 

439. Which of the following is a moderator in 
nuclear reactor ? 

id) Berylium (b) U-233 
(c) Cadmium (d) Hafnium 

440. Hunting in synchronous motors occur due 
to 

(a) changes in excitation 

(b) increase in supply frequency 
(o decrease in supply frequency 
id) sudden load variations 

441. Alternating currents can be represented 
on vectordtagram if there is no difference 
in their 

(a) R.M.S. values (b) frequencies 

(c) phase angles id) maximum values 

*442. An RLC circuit has a resistance of 5Q. 
connected in scries with a 50£2 inductive 
reactance ancj a 100£2 capacitive reac¬ 
tance. If the frequency is doubled, the 
current in the circuit is 
(a) doubled (b) halved 

(c) same (d) slightly changed 

*443. A current of 600A flows through a resistor 
of 0.0050 while through another resistor 
connected in parallel with it, the current 
flow is 300A. What is the resistance of 
the resistor in ohms connected in parallel? 
( a ) 0.1 (/?) 0.01 

(c) 0.0025 (<i) 0.025 

*444. Two indentical inductance are connected 
in series on a common core, and have a 
total inductance of 600 mH. When one 
of the coils is reversed the total inductance 
is zero. The coefficient of mutual coupling 
is 
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(a) 1/2 (b) 0 

(c) 1 (d) 2/3 

*445. In the circuit shown (Fig. QB-10) Rj is 
variable from zero to infinity. For maxi¬ 
mum power to the delivered to R, the 
value of R, should be 



l ig. Qii-HL 

(a) zero_ ( b ) R L ^2 

(c) R l /V2 (d) R l 

*446. The currem through the 2.50 resistor in 
the Fie. OB-11 is 

5ft 



-vwv— 


10V" 

+• 

=; 5a; 

: 2.5ft; 


Fig. QB-11. 

ia) 1 A ib) 4 A 

(c) 2 A (d) 2.5 A 

447. At resonance the power factor of an RLC 

series circuit is 
(a) zero (b) R/X L 

(c) R/(X l - X c ) 2 (d) unity 

448. An inductor has an inductive reactance of 
31.830 on 50 Hz supply. The equivalent 
capacitance that has the same reactance 
is 

(a) 100 F (b) 1000 F 

(c) 100 pF [d) 1000 pF 

449. In a two watt meter method of power 

measurement, the power factor is 0.5. One 
of the watt meter reads 
(a) zero ( b) W/VT 

(c) WA/2 (d) V-3.W 

*450. An RLC circuit resonates at 50 Hz. The 
power factor of the circuit at a frequency 
lower than 50 Hz is 
{a) leading (by lagging 

(c) unity ~ id) zero 
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*451. A voltage of 10 V is applied to a circuit 
with 1 ohm resistor connected to an in¬ 
ductor whose drop is 8 V. The current 
through the resistor is 

(a) 12 A (b) 4 A 

(c) 6 A (d) 8 A 

*452. The frequency of the wave form defined 
by e = 340 sin (377.14/ + 2///15) is 

(a) 50 Hz (b) 60 Hz 

(c) 37.71 Hz (d) 2/t/15 Hz 

453. Two bulbs which are identical consume 
. 50 watts each when connected in parallel 

across a 100 V source. If the bulbs are 

connected in series across the same 

supply, they consume 

(a) 100 W (b) 50 W 

(c) 75 W (d) 25 W 

454. A D.C. circuit with a voltage of V has a 
resistance R in series with a capacitor C, 
connected by a switch. When the switch 
is closed, the current is 

(a) V/R e~ t/RC ,b) V/R(l - 

(c) V/R (d) V/R (1 + <r^ c ) 

455. A series conductor device which is similar 
to two SCR’s is 

(a) UFET (b) UJT 

(e)MOSFET (d) TRIAC 

*456. An amplifier has a gain of 10,Q00 Ex¬ 
pressed in decibels the gain is 
(a) 10 (b) 40 

(c) 80 id) 200 

457. If the bandwidth of each amplifier is 800 
kHz, the bandwidth of three such stages 
cascaded is 

(a) 408 kHz ( b ) 2400 kHz 

(c) 400 kHz (d) 800/3 kHz 

458. The frequency of oscillation of an RC 

phase shift oscillation, in three identical 
RC sections is _ 

(a) 1/(3RC) (b) 1/2/t VfT RC 

(c)^n RC (d) V3/2/t RC 

2 > 
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459. An emitter follower has 

(a) low input impedance and high output 
impedance 

(b) low input impedance and low output 
impedance 

(c) high input impedance and high output 
impedance 

id) high input impedance and low output 
impedance 

460. Lissajous figures are used in a CRO while 
measuring 

(a) frequencies ( b ) voltage magnitudes 

(c) voltage gain (d) wave forms 

461. The major advantage of bridge rectifier is 
that 

(a) no centre tap transformer is required 
0 b ) the required peak voltage of each 
diode is double that of a full wave 
rectifier 

(c) the peak inverse voltage of each diode 
is half that for a full wave rectifier 
id) the output is more smooth 

*462. An amplifier has a voltage gain of 100, 
To reduce distortion, 10% negative feed¬ 
back is employed. The gain of amplifier 
with feed back is 
(a) 101 (b) 90.9 

(c) 9.09 id) 1.01 

463. Thermal runway and pinch off phenomena 
are associated with 

(a) FET and BJT respectively 

(b) BJT and FET respectively 

(c) both BJT and FET 

( d) only FET 

464. In a thyristor 

(a) the holding current is always exactly 
equal to latching current 

( b ) the holding current is usually greater 
than latching current 

(e) the holding current is usually lower 
than the latching current 

id) the bolding current changes with the 
load current supply 
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*465. In an AC circuit, the current and voltage 
are out of phase by 90 degrees. The 
ammeter reads 2A and voltmeter reads 
1000 V. The power consumed is 

(a) zero (b) 2000 W 

(c) 1000 W (id) 180 W 

*466. The capacitance of a condenser with plate 
area A and separation "d" is C. What is 
the capacitance of another capacitor with 
2A and separation of dill Assume same 
dielectric. 

(a) C/4 (b) 4C 

(c) C (d) C /2 

467. The capacitors that are suitable when 
temperature varies over a wide range are 

(a) air capacitors 

( b ) paper capacitors 

(c) electrolytic capacitors 

(d) ceramic capacitors 

*468. Brass will have a relative permeability, 
|A r , equal to 

(a) 2000 ( b ) 0 

(c) 1 (d) 1000 

469. When the. temperature of a conductor is 
raised, its resistance 

(a) increases 

( b ) decreases 

(c) does not alter 

( d) may increase or decrease depending 
on the material 

470. A 6 -pole lap wound armature has 1200 
conductors and flux per pole of 0.01 Wb, 
If the emf generated is 100 V the machine 
is driven at a speed of 

(a) 600 rpm ( b) 500 rpm 

(c) 1200 rpm ( d) 100 rpm 

*471. A series motor may be made to run at a 
very high speed by 

(a) strengthening the field 

( b ) weakening the field 

(c) using a starter 

(d) using a fly wheel 

472. The direction of rotation of shunt motor 
may be reversed by 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(a) interchanging positive and negative 
supply voltage 

(b) reversing both armature and field con¬ 
nections 

(c) reversing either armature or.field con¬ 
nections 

(d) decreasing the load torque 

*473. If the self inductance of the coil under¬ 
going commutation is 0.01 mH and the 
commutation time period is 0.002 sec, 
how much current flowing in the coil will 
produce a reactance voltage of 20 V? 

(a) 500 A (b) 1000 A 

(c) 1500 A (d) 2000 A 

*474. A shunt generator has a field resistance 
of 120fL Its critical field resistance is 
100£L As a consequence 

(a) residual flux is lost 

(b) residual flux is reversed 

(< c ) the generator does not build up voltage 

(d) the shunt field gets damaged 

*475. The maximum effciency of a D.C. motor 
occurs at 3/4th full load. The constant 
losses are 900 watts, therefore the full 
load copper losses are 
(a) 1600 W (b) 1200 W 

(c) 1800 W (d) 675 W 

*476. During the starting of a D.C. compound 
motor, the series field is shorted, to* 
prevent 

(a) excessive copper losses 

(b) damage to series field 

(c) saturation of shunt field 

(d) running with high speed in wrong 
direction 

*477. 10 cells of 1.5 V each and having an 
internal resistance of 0.1Q each are con¬ 
nected in parallel, and feed a 5£2 resistor. 
The current in the 5 D. resistor in amps is 
(a) 1.5/5.01 ( b ) 1.5/5.1 

(c) 1.5/0.6 (d) 15/5.1 

*478, Identify the correct statement 

(a) Electrolyte density changes less in Ni- 
Fe cell compared to lead acid, cell 
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0 b ) Electrolytic density in cells has no 
relation to internal resistance of the 
cell 

(c) Quantity efficiency in cells is the ratio 
of watt-hours of charge to watt-hours 
of discharge 

(d) Rapid charge and discharge does not 
cause buckling in lead acid cell 

*479. The transformer has a turns ratio of 4 : 
1. The resistance of the HV winding is 8 
ohms and that of the LV winding is 1 
ohm. The total resistance on HV side in 
ohms is 

(a) 9 (b) 8.25 

- (c) 24 {d) 9.5 

480. Tap changes are almost always provided 
on transformer HV side because 

(a) they carry less current 

(b) the turns ratio will be accurate 

(c) they must work at HV 

«, ( d) they carry less current and also the 
turns ratio will be accurate 

*481. In an auto transformer, drawing 100* kW, 
and Vj=2000 V and V 2 = 1200 V, the 
power tranformed conductively is 

(a) 40 kW (b) 60 kW 

(c) 20 kW (d) 80 kW 

*482. If a D.C. supply is connected to a trans¬ 
former, it will result in 

(a) low efficiency 

(b) low power factor 

(c) burn out 

(d) low frequency 

483. In a transformer the accessory used to 
take up expansion and contraction of oil 
with changes in temperature without al¬ 
lowing oil to come into contact with air 
is 

(a) breather ( b ) conservator 

(c) silica-gel ( d) bushing 

484. In a scott connection the main transformer 
will have a tapping of 

(a) 50% (6) 86.6% 

(c) 13.4% (d) 36.6% 
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485. The temperature rise in large transformer 
is determined usually by performing 

(а) Direct load test 

(б) Open circuit test 

(c) Sumpner’s test 

(d) Open circuit and short circuit tests 

486. The slip for max. torque is independent 
of 

(a) voltage ( b ) R 2 

(c) X 2 (d) R 2 /X 2 

*487. In a single phase induction motor running 
at a slip of 5% with reference to forward 
field, the slip with reference to backward 
field is 

(a) 0 (b) 0.95 

(c) 1.95 (d) 2.0 

488. The maximum, toque of a 3-phase induc¬ 
tion motor depends only on 

(a) R 2 (6) Xo 

(c) R, (d) X, 

489. A six pole, 60 Hz 3-phase induction motor 
has N v of 

(a) 1200 rpm (b) 1000 rpm 

(c) 1500 rpm (d) 600 rpm - 

490. If "a" is the ratio of rotor resistance to 
rotor standstill reactance, the ratio of pul¬ 
lout torque to starting torque is 

(a) a 2 /(2a+\) ( b) (a 2 +\)2a 

(c) a/(2a+ \) (d) (2a 2 +\)/2ci 

491. A 4-pole, 3-phasc alternator running at 
1800 rpm supplies a 3-phasc, 6-pole in¬ 
duction motor running with a slip of 5%. 
The motor speed is 

(a) 1140 rpm ( b ) 950 rpm 

(i c ) 1000 rpm {d) 1800 rpm 

492. The single phase motor that gives the 
highest starting torque is 

(a) split phase motor 

(b) shaded pole motor 

(c) capacitor motor 

(d) repulsion start induction run motor 

493. A synchronous condenser operates at 
(a) heavy loads, lagging power factor 
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(. b ) light loads, leading power factor 

( c ) heavy loads, leading power factor 

( d) light loads, lagging power factor 

494. Percentage reactance is given by 

(a) (kVA)x/( 1 OO(kV) 2 ) 

(b) (kVA)x/10(kV)) 

(c) (kVA)x/( 10(kV) 2 ) 

(d) (kVA)x/(I00(kV)) 

495. Synchronous reactance is 

(< a ) sum of both leakage reactance and 
armature reaction reactance 

( b ) armature reaction reactance 

(c) difference of armature reaction reac¬ 
tance and leakage reactance 

( d ) leakage ractance 

496. In a synchronous motor if the excitation 
is reduced from a large value, the armature 
current decreases and becomes a mini¬ 
mum at a point. At this point the power 
factor is 

(a) lagging (b) leading 

(c) unity ( d ) zero 

497. In an alternator, with large capacitive load 
the effect of armature -eaction is x 

(a) to reduce the sptod of the rotating 
magnetic field 

( b ) demagnetizing 

(c) magnetizing 

(d) to distort the field 

498. Heavy copper grids housed in the 
polefaces of a synchronous machinejire 
called 

(a) short chord windings 

(b) compensating windings 

(c) index pole windings 

(d) amortisseur windings 

499. Damper windings can be utilized to start 

(a) repulsion start induction mentor 

(b) single phase motor of spfifjihase type 

(c) sychronous motor 

(d) double cage type induction^ motor 

500. A very high head hydro-electric^plant'uses 

(a) Francis turbine(/?) Propeller turbine 
(c)'Pelton wheel (d) Kaplan turbine 
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501. Water is lead into turbines from the reser¬ 
voir through 

(a) draft tube (b) crest gates 

(c) control rods (d) moderator 

*502. Boron is used in nuclear reactor as 
(a) fuel (b) heat exchanger 

(c) control rods (d) moderator 

503. A low head hydro project, where the head 
is about 20 m, uses 

(a) Impulse turbines 

(b) Francis turbines 
C c) Kaplan turbines 
{d) Reaction turbines 

504. Surge tanks may be used in the following 
type of power generation system. 

(a) Runoff river plant without pondage 
{b) Nuclear power station 

(c) Thermal power station using pul¬ 
verized coal 

(d) Reservoir type hydro power plant 

505. In the following type of hydro turbine the 
entire pressure head is converted into 
kinetic energy 

(a) Impulse turbine 

(b) Francis turbine 

(c) Propeller turbine 

(d) Kaplan turbine 

506. Which of the following is a control rod 
material in a nuclear reactor ? 

(a) Uranium-235 (b) Zirconium 
(c) Heavy water (d) Hafnium 

507. A fast breeder reactor does not contain 
{a) fissile material (b) coolant 

(c) moderator ( d ) shields 

*508. Which of the following is a moderator in 
a nuclear power reactor? 

(a) Beryllium (b) Plutonium 
(c) Cadmium (d) Thorium 

509. The device that is used to raise the 
temperature of the feed water from waste 
flow gases in a steam power plant is called 
(a) super heater ( b) economiser 
(r) air preheater (d) evaporator 
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510. Ferranti effect in long lines causes in¬ 
crease of 

(a) sending end voltage 

(b) receiving end voltage 

(c) load power factor 

(d) failure of transformer 

511. Lightning arrestors are normally made of 

(a) silica gel (/?) calcium hydroxide 

(c) thyrite (d) tungsten 

512. A substation is best located at 

(a) the generating station 

(b) in the middle of town 

(c) at the load centre 

(d) at the tail end of grid 

513. With usual notation, the expression .or 
loop inductance of a transmission line in 
Henry/metre is 

(a) 2 X ID" 7 In D/r 
(h) 2 x !()- 7 (1/4 +/« D/r) 

(c) 4 X 10 -7 In D/r 

(d) 4 x 10" 7 (1/4 + In D/r) 

514. The capacitance to earth of a conductors 
in a three phase system in Farads/metre 
is 

(a) ne/ln(D/r) 

(b) 2\ie/ln(D/r) 

(c) 2ne 10- 6 ///i(D/r) 

(d) .ln (D/r) l()- 6 (27te) 

*515. A short line carrying 110V3^ A at 0.8 
. 'power factor (lag) with negligible resis¬ 
tance and 10 ohm reactance has ,what 
percentage of regulation when laod is 
applied at 11 kV? 

. (a) '18% ( b ) 10% 

(c) 3% (d) 8^3% 

516. The effect of earth on line capacitance is 
as follows: 

(a) To increase it slightly 

(b) . To decrease it slightly 

(c) No effect on capacitance 

(d) Depends on the length of the line 

517. The long line constant "A" is given by 
(a) Z( 1+YZ/6+Y 2 Z 2 /120+Y 3 Z 3 /5040 +-...) 
(, b ) Y(] +YZ/6+Y 2 Z 2 /l 20+Y 3 Z : V5040+....) 
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(c) l+YZ/2 + Y 2 Z 2 /24 + Y 3 Z ? /720+... .) 

( d) Z( 1+YZ/2+Y 2 Z 3 /24+Y- , Z- , /720+... 

*518. A 3-unit suspension type insulator has 
string efficiency of 66.7%. If the flash 
over voltage of unit next to the conductor 
is 16 kV, the flash over voltage of the 
string is 

(a) 16 kV (b) 32 kV 

(c) 48 kV (d) 33.3 kV 

*519. If the span of a transmission line is in¬ 
creased by 10%, the sag of line increases 
by about 

(a) 10% (h) 15% 

(c) 21% {d) 30% 

520. In a 3-phase 3 core cable, the capacitance 
between two cores with the 3rd core con¬ 
nected to the sheath is 3F. The value of 
the capacitance of each core to neutral in 
F is 

(a) 3 (b) 3/2 

(c) 6 (d) 1 

521. Oil immersed transformers are protected 
against internal faults by 

(a) over current relay 

(b) thermal relay of metal contact type 

(c) Buchholz relay 

f d) MHO relay \! 

522. The phenomena of current chopping takes 

place in j 

(a) bulk oil circuit breakers 
(/?) SF 6 circuit breakers 

(c) vacuum circuit breakers 

(d) air blast circuit breakers 

*523. The zero sequence component of the un¬ 
balanced currents I R = (8 +y!2)A; I Y = 
(4 - j\ 8)A; I B = (3 + y6)A is given by 
(a) 5 A (b) 10 A 

(c) 15 A (d)( 4 - ;6) A 

524. A moving coil ammeter can be recognised 

by 

(a) cramped scale (b) uniform scale 
(c) square scale (d) log scale 
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525. In an induction type energy meter creep 
is adjusted by adjustment in 

(a) current magnet(Z>) potential magnet 
(c) shading ring {d) brake magnet 

*526. A galvanometer carries ohms 10 mA cur- 
rent.lt has a resistance of 50 ohms. If this 
has to read 500 V at full scale, the extra 
resistance needed to be connected in series 
in ohms is 

(a) 49,950 (b) 50,500 

(c) 50,000 (d) 5,000 

527. The most accurate instruments to measure 
small direct current of the order of milli- 
amperes is 

(a) moving iron ammeter 

( b ) permanent magnet moving coil am¬ 
meter 

(c) dynamo type ammeter 

(d) induction type ammeter 

528. A standard resistance has 

(a) three terminals 

( b ) two terminals 

(c) four terminals 

id) one terminal with other earthed 

529. Which of the following lamps has the 
highest theoretical luminous efficiency ? 

(a) Mercury vapour lamp 

( b ) Sodium vapour lamp 

(c) Fluorescent lamp 

(d) Neon lamp 

530. Which of the following relations is valid 

(a) Lumens = C.P. x solid angle 

( b ) C.P. = lumens x solid angle 

(c) Lumens x C.P. = solid angle 

(d) C.R/solid angle = lumens 

531. In the production of steel, heating is done 
by 

(a) induction fumance 

(b) high frequancy eddy current heating 

(c) dielectric heating 

( d) resistance furnaces 

*532. An electric iron drawing 9 A from 120 V 
supply mains is operated for 20 min., the 
energy consumed is 
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(a) 1080 W (b ) 3 Ah 

(c) 0.6 kWh (d) 360 Wh 

533. A resistance oven will have heating ele¬ 
ment made of 

(a) copper ( b ) nichrome 

(c) carbon fibre (d) iron 

534. Wheel or roller type electrodes are used 
in 

(a) spot welding 
(. b ) flash butt welding 

(c) projection welding 

(d) seam welding 

535. A fly wheel is fitted to large motors in 
order to 

(a) accelerate the motor 

(b) equalize load 

(c) store kinetic energy when motor slows 
down 

(d) set as artificial load 

536. On the speed-time curve in traction, the 
period of time where tractive effort is 
equal to resistance to train movement is 
called 

(a) notching up period 

(b) free running period 

(c) coasting period 

(d) retardation period 

537. The heating time constant X of an electric 
motor is the time taken for the motor to 
heat up to 

(a) lie times the final value 

( b ) e times the final value 

(c) (1 - Me) times final value 

( d ) (e - 1) times the final value 

538. The type of motor most suitable for textile 
machinery is 

(a) single phase induction motor 

(b) three phase induction motor 

(c) dc shunt motor 
(< d) dc series motor 

539. Controlling torque is not present in one 
of the following types of meters : 

{a) MI ammeter 

(b) Dynamometer type meter 
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(c) Electrostatic voltmeter 

(d) Power factor meter 

*540. A transformer has 100 W iron losses at 
a frequency of 50 Hz and at this frequency 
eddy current loss equals hysteresis loss. 
When the frequency is doubled, the total 
loss is 

(a) 150 W ( b ) 400 W 

(c) 300 W (d) 250 W 

541. Modem alternators usually have fractional 
pitch winding to improve 

(a) the voltage wave shape 

(b) the magnitude of the generated voltage 

(c) the machine rating 

(d) the power factor 

542. If the armature current in an alternator is 
lagging with respect to generated voltage, 
the effect of armature reaction is 

(a) demagnetising 

(b) cross magnetising 

(c) magnetising 

(d) partly cross magnetising and partly 
demagnetising 

543. An over-excited synchronous motor 
operates at 

(a) unity p.f. ( b ) leading p.f. 

(c) lagging p.f. ( d) zero p.f. (lagging) 

544. As the load on a synchronous motor is 
increased, the torque angle 

(a) increases ( b ) decreases 

(c) remains same (d) becomes zero 

545. Under full load running condition, the slip 
of the synchronous motor is 

(a) 0.2 ( b ) 0.4 

(c) 0.01 ( d) zero 

546. The graph for "V" curves for a 
synchronous motor is drawn between 

(a) field current and armature current 

(b) power factor and" field current 

(c) armature current and power factor 

(d) terminal voltage and power factor 

547. Base load plants are designed to supply 
power at 


(a) low capital cost and low operating 
cost 

(b) high capital cost and low operating 
cost 

(c) low capital cost and high operating 
cost 

( d) high operating cost and high capital 
cost 

548. Water hammer is developed in 

(a) pen stock (b) turbine 

(c) alternator (d) surge tank 

549. Energy produced by fission reaction of 
uranium having mass of atom m and 
velocity j of light c is 

( a ) me ( b ) ~ me 2 

(c) me 1 (d) 


550. The overall efficiency of thermal plant is 
low due to low efficiency of 

(a) steam turbine and condenser 

(b) boiler 

(e) alternator 

(d) both (a) and (b) 


551. In a diesal power station, with mean in¬ 
dicated pressure p m kgf/m 2 , piston area A 
m 2 , length of stroke L m, N-number of 
strokes per second the power generated 
in a 4-stroke engine in kW is 
Pm LAN _ P m LA 

(a)- o - (O 


(c) 


2 
PnA 

2LN 


2N 
(d) p,„ALN 


•552. Mass curve is the graphical display of 
(a) power versus percent of time 
C b ) mass versus time 

(c) cumulative volume of water stored 
from stream versus time 

(d) available flow versus time 

553. Diversity factor is the 

(a) ratio of maximum load on the station 
to sum of consumer’s maximum 
demand 
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( b ) ratio of average demand to maximum 
demand 

(i c ) reciprocal of ( a ) 

(d) ratio of maximum demand to average 
demand 

554. The main objective of tariff is to distribute 
equitably the cost of 

(a) installation and fuel 

(b) power transmission and distribution 

(c) supply energy among the various clas¬ 
sification of use 

(d) energy production among its con¬ 
sumers 

555. Coolant used in fast breeder reactor is 

(a) heavy water ( b ) graphite 

(c) thorium (d) sodium 

556. The rotor used in alternators of 
hydroelectric station is 

(a) cylindrical rotor 

( b ) cage rotor 

(< c ) salient pole rotor 

(d) round rotor with a.c. excitation 

557. Ring main distribution system is preferred 
to radial distribution system, because 

(a) voltage drop in the feeder is less 

(b) power factor is high 
(i c ) it is less expensive 
(d) none of the above 

558. The self GMD method is used to evaluate 

(a) inductance 

( b ) capacitance 

(i c ) both inductance and capacitance 
(d) none of the above 

559. If all other conditions are assumed to be 
constant and the voltage of the transmis¬ 
sion system is increased by n times the 
size of conductor would be 

(a) increased by n 2 times 

(b) remains the same 

(c) reduced by n times 

(i d) reduced by n 2 times 

560. The effect of line capacitance is to 
produce charging current, which has a 
maximuijn value at 
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(a) middle of the line 

(b) receiving end of the circuit 

(c) sending end of the circuit 

(d) none of the above 

561. With the increase of load power factor 
the efficiency of transmission line 

(a) decreases ( b ) is independent 

(c) increases (d) exhibits a maximum 

562. The magnitude of valtage at the receiving 
end due to Ferranti effect at the receiving 
end of a very lightly loaded short lines 

(a) higher than sending end voltage 

(b) lower than rated receiving end voltage 

(i c) 1^ times rated receiving end voltage 

(d) negligible 

563. The ratio between flashover voltage of 
the insulator at normal frequency and the 
operationg voltage is known as 

(a) Form factor (b) Safety factor 

(c) Peak factor ( d) None of the above 

564. A transmission line is working with 132 

kV at both ends. Then the regulation is 
(a) zero (h) 100% 

(c) 25% (d) 86.6% 

565. Lighting arrestor spark gaps should have 
an impulse ratio of 

(a) 2.5 ( b ) unity or less 

(c) 2.3 (d) 1.6 

*566. The current in a coil changing at the rate 
of 0.1 A per sec induces an e.m.f. of 10 
volts. The self inductance of the coil is 
( a ) 100 H (b) 1 H 

(c) 20 H (d) none of the above 

567. Norton’s equivalent of a circuit consists 
of 

(a) constant current source in series with 
resistance 

( b ) constant voltage source in series with 
resistance 

(c) constant current source in parallel 
with resistance 

(d) constant voltage source in parallel 
with resistance 
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*568. Two coils have self-inductances of 100 
mH and 64 mH with a coefficient of 
coupling of 0.9 between them. The mutual 
inductance between the coils is 

(a) 64 mH (b) 72 mH 

(c) 48 mH (d) 100 mH 

569. A D.C. motor develops a torque of 50 
Nm while rotating at 600 r.p.m. The power 
develped by it is 

(a) 2000 watts ( b ) 3000 watts 

(c) 3140 watts ( d ) 500 watts 

570. The direction of induced e.m.f. in a coil 
is determined by 

{a) Fleming’s left hand rule 

( b ) Faraday’s law 

(c) Lenz’s law 

(d) None of the above 

*571. A coil having a resistance of 10 ohms is 
connected in series with an inductance of 
5 H and a capacitance of 5 F. The resonant 
frequency of the circuit in rad/s. is 

(a) 5 (b) 0.2 

(c) 0.04 (d) none of the above 

*572. The power factor of a circuit consisting 
of a series connection of 3 ohm resistance, 
8 ohm inductive reactance and 4 ohm 
capacitive reactance is 

( a) 0.5 lag (b) 0.61 lag 

(c) 0.6 lead (d) 0.5 lead 


573. In the 3-phase power measurement by 2 
wattmeters method, the power factor at 
which one of the wattmeters reads zero 
is 

(a) 0.8 ' ( b ) 0.3 

(c) 0.4 (d) none of the above 


*574. The kVA of an AC circuit having kW=80 
and kVAR = 60 is 
(a) 25 (b) 50 

(c) 100 (d) 140 


575. Two sinusoidal currents are given by i, = 


50 sin 


(ot + - I A; i 2 = 60 sin 


COf-T 

4 


V 


A. 


The phase differenc between mem is 
(a) 25 deg. (Ib ) 90 deg. 
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(c) 40 deg. (d) 105 deg. 

576. When a PN junction is reverse biased, ft 

(a) breaks down 

( b) barrier potential decreases 

(c) depletion layer becomes narrow^ 

(d) offers high resistance 

*577. The D.C. output voltage of a bridge rec¬ 
tifier connected to the secondary of a 
transformer delivering an a.c. peak voltage 
of 100 V is 

(a) 70.7 V (b) 31.8 V 

(d) 63.6 V 0 d ) none of the above 

578. AFET consists of the following terminals 

(a) Source and gate 

( b ) Gate and drain 

(c) Drain and source 

(d) All (source, gate, drain) 

579. The, conditions necessary for sustained 
oscillations in an oscillator is 

(a) Feedback should be negative 

(b) Feedback factor should be 1 

(c) Phase shift should be zero 

(d) Both (a) and ( b ) 

580. One of the following is a Donor material: 

(a) Indium (b) Boron 

(c) Antimony (d) None of the above 

*581. If the capacitance of a system is doubled, 
then its energy stored becomes 
(a) 2 times ( b ) unaltered 

(e) 4 times ( d) none of the above 

*582. A hollow conducting sphere of radius 1.5 
m is charged uniformly at value 0.8 micro¬ 
coulombs. The electric field at a distance 
of 0.8 m. from its centre is 
(a) 0.8 ( b ) 1.2 

( c ) zero (d) 1.0 

583. The unit of pcnnittivity of free space is 

(a) Coulombs/m. (/;) Farads/m. 

(c) Amp./m. (d) Henry/m. 

584. The absolute electric potential at\ infinity 
from a charge of +5 micro-coulombs in 
volts is 

{a) Zero ( b ) 5 
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(c) -5 (d) 2.0 

*585. A sphere of radius 4 m. encloses a charge 
of +3 C and -1C. The total number of 
electrostatic lines of force coming out 
from the sphere is 

(a) 3 (b) 2 

(c) 1 ( d ) none of the above 

586. The forbidden energy gap of pure germa- 
tion is 

(a) LI eV (b) 2.2 eV. 

(c) 0.72 eV. (d) 0.02 eV 

587. the insulating materials have 

(a) full valence bond 

( b ) empty conduction band' 

(c) large energy gap 

(d) all of the above 


588. Conducting materials have 

(a) large energy gap 

( b ) overlapping valence and conduction 
bands 

(c) full valence band 

(d) hone of the above 


589. Paramagnetic substances have relative 
permeability 

(a) greater than 1.8. (b) equal to 1.0 

(c) 1.000022. (d) 1000 

590. The material with highest conductivity is 

(a) Copper ( b) Aluminium 

( c ) Gold (d) Silver 


591. 


The ratio of volume of copper required 
for a 3-phase 3-wire a.c. system to d.c. 
two wire with same maximum voltage 
between any two conductor is 


(a) 

(c) 


2 

COS 2 (|) 

1.5 

COS 2 (|) 


(b) 

w> 


2.91 

COS 2 <|) 

5.82 

COS 2 (|) 


592. The material used for making fuse wires 
is 

( a ) Aluminium (b) Lead 

(c) Nickel (d) None of the above 


593. Buchholz relay is used in 

(a) Transmission line protection 


(b) Alternator winding protection 

(c) Transformer protection 

(d) Induction motor rotor protection- 

594. During arcing in oil circuit-breakers the 
major gas released is 

(a) Oxygen 

(b) Hydrogen 

(c) Carbon-dioxide 

( d ) Nitrogen 

595. Isolators used in power systems are 
generally 

(a) single pole ( b ) 3-pole 

(c) 2-pole (d) none of the above 

*596. A moving coil instrument gives a full- 
scale deflection of 10 mA when the poten¬ 
tial difference across its terminal is 100 
mV. Calculate the shunt resistance for a 
full scale deflection of 100 amps 
(a) 0.001 ohm (b) 0.1 ohm 
(c) 1.0 ohm (d) 1.1 ohm 

*597. A wattmeter has a current coil of 0.03 
ohm resistance and a pressure coil of 6000 
ohms. Calculate the error if the wattmeter 
pressure coil is on the load side. The load 
takes 20 amps at a voltage of 220 volts 
and 0.6 power factor 
(a) 35.5% (b) 3.5% 

( c ) 0.305% (d) none of the above 

*598. An energy meter is designed to make 100 
revolutions of disc for one unit of energy 
unit. Calculate the number of revolutions 
made by it when connected to a load 
carrying 40 amps at 230 volts and 0.4 
power factor for an hour 
(a)'36 ( b) 368 

(c) 3680 (d) 3800 

599. For power frequency measurement the 
frequency meter used is 

(a) WestoirTrequency meter 

(b) Mechanical resonance type 

(c) Ratio meter type 

(id ) Electrodynamometer type 

600. A current transformer has a single turn 
primary and a 200 turn secondary wind- 
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ing. The secondary supplies a current of 
5 amps to a non-inductive burden of 1 
ohm resistance. The requisite flux is set¬ 
up in the core by mmf 80 AT. Calculate 
the actual transformation ratio 

(a) 2000.64 (b) 200.64 

(c) 20.64 (d) 206.4 

601. Measurement of medium value resistance 
is by the following method 

(a) Meg ohm bridge method 

( b ) Kelvin’s double bridge method 

(c) Wheatstone bridge method 
id) Ammeter voltmeter method 

602. Solid angle is expressed in 

(a) angstrom (b) steradians 

ic) radians ( d) degrees 

*603. An incadescent lamp rated 230 V takes 
2.2 amps and emits 8000 lumens. Calcu¬ 
late the efficiency of the lamp 
(a) 1.580 lumen/watt 

ib) 15.81 lumen/watt 
(c) 158.1 lumen/watt 
(< d) 1581 lumen/watt 

604. In dielectric heating the usual frequency 
range is 

< (a) 10-30 MC/S (b) 10-30 kC/S 

(c) 10-400 kC/S (d) 500 MC/s 

605. In indirect arc furnace 

(a) the charge acts as one of the electrodes 

( b) no electrode is used 

(i c) two electrodes are used 

id) two main and one auxilliary electrodes 
are used 

606. In carbon arc welding 

ia) Carbon is made negative with respect 
to the work 

(b) Carbon is made positive with respect 
to the work 

(c) The polarity of the electrode is im¬ 
material 

{d) Carbon electrode is connected to the 
ground 

607. Electroplating is the process of 

ia) removing one metal from the other 


ib) covering one metal over the other 

ic) reproduction of objects on some sort 
of mould 

id) none of the above 

608. In rolling mills and paper making 
machines 

ia) Individual drive is used 

ib) Multimotor drive is used 

ic) Group drive is used 

( d) None of the above 

*609. An unsaturated shunt motor runs iat its 
rated speed when rated voltage is applied 
to it. If the supply voltage to the motor 
is reduced by 25% the speed of the motor 

ia) increases by 25% 

ib) remains the same 

(c) decreases by 25% 

id) increases slightly by an amount less 
than 25% 

*610. A 4-pole, 50 Hz induction motor has a 
rotor resistance of 0.3 ohm and standstill 
reactance of 1.2 ohm. What is the value 
of the speed at maximum torque? 
ia) 1100 r.p.m. ib) 1025 r.p.m. 

ic) 1125 r.p.m. id) 112 r.p.m. 

611. For constant speed drives such as vacuum 
cleaners, centrifugal pumps, washing 
machines, lathes, grinders the motor used 
is 

ia) D.C. series motor 

ib) Cumulative compound motor 
(c) Differential compound motor 

id) D.C. shunt motor or Induction motor 

612. In household refrigerators the refrigeration 
system used is 

ia) Vapour compression system 

ib) Vapour absorption system 

ic) Both systems 

id) None of the above 

*613. A suburban electric train has a maximum 
speed of 65 kmph. It has a schedule speed 
of 43.5 kmph with a stop of 30 sec. The 
distance between stations is 3 km. The 
actual time of run is 
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(a) 2182 sec. ( b ) 21.82 sec. 

(c) 218.28 sec. (■ d ) 248.27 sec 

614. Traction motors used for suburban ser¬ 
vices are 

(a) A.C. series motor 

(b) Repulsion motor 

( c ) D C. series motor 

(d) Linear induction motors 

615. For train lighting the generator used is 

(a) Series (/?) Rosenberg 

\ (c) Shunt (d) Synchronous 

616. r: / ^ commutator in a d.c. machine is made 
up of 

(a) Iron laminations 

(b) Copper segments 

(c) Aluminium segments 

(d) Wooden segments 

617. Generated e.m.f. of a d.c. machine is 
! (a) directly proportional to speed 

( b ) inversely proportional to speed 

(c) proportional to the square root of the 
speed 

(d) inversely proportional to the square of 
the speed 

618. A 220 V d.c. generator with residual mag¬ 
netism, is run at full rated speed without 
any excitation. The open circuit voltage 
will be 

(a) zero ( b ) about 4 V 

(c) about 100 V {d) 220 V 

619. The terminal voltage of the series gener¬ 
ator is 150 V when the load cureent is 5 
A. If the load current is increased to 10 
A, the terminal voltage will be 

(a) 150 V 

(b) less than 150 V 

(c) greater than 150 V 

(b) almost zero 

620. The resistance of the field regulator of a 
d.c. shunt motor is of the order of 

(a) 0.05 ohm (b) 0.5 ohm 

(c) 5 ohm (d) 50 ohm 


torque of a series motor is proportional 
to 

(«) I* (h) 1 1 

(C) 13 (cl) VC 

622. Swinburn’s test cannot be used for 

(a) Shunt motor 

( b ) Cumulative compound motor 

(c) Series motor 

(d) Differential compound motor 

623. The storage battery, which is generally 
used in Electric Power Stations, is 

{a) Lead acid battery 

( b) Zinc carbon battery 

(b) Nickel cadmium battery 
. (d) Nickel-iron battery 

624. The capacity of a battery is expressed in 
terms of 

(a) Current rating (b) Ah rating 

(c) Voltage rating (d) Vh rating 

625. The lead acid battery should be recharged 
when the specific gravity is found to be 
less than 

(a) 2.25 (/?) 1.25 

(c) 1.5 (d) 1.18 

626. Four cells of 1.5 volt each are connected 
in parallel. The output voltage is 

(a) 6 V (b) 0.375 V 

(c) 1.5 V (d) 3 V 

627. In transformers laminated core is used to 
i;educe 

{a) hysteresis loss (/?) eddy current loss 
(c) copper loss (d) iron loss 

*628. A 5 kVA, 200/100 V, single-phase trans¬ 
former delivers 50 A at rated voltage. The 
input current will be 

(a) 25 A 

(b) 50 A 

(c) more than 50 A 

(d) less'than 25 A 


*629. A single-phase transformer has a turn ratio 
of 4 . I. If the secondary winding has a 
resistance of 1 ohm, the secondary res is- 
621. For low values of armature current \' a , theDownloadedm^4^^r^y^^l(fMl?ftm w iH he 
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(a) 16 ohms ( b ) 4 ohms 

(c) 0.0625 ohms ( d) 0.25 ohms 

630. A distribution transformer should be 
selected on the basis of 

(a) Efficiency 

(b) Voltage regulation 

(c) All day efficiency 

(d) Maximum efficiency 

*631. A short-circuit test was conducted on a 
1-phase transformer and the full load cop¬ 
per loss measured is 100 watts. The loss 
at 1/4 full load will be 

(a) 25 watts (b) 6.25 watts 
(c) 100 watts ( d) 1600 watts 

632. Three-phase transformer can successfully 
operate in parallel if the combination is 
made of 

(a) Y - Y and Y - A 

(b) A - Y and A - A 

(c) A-YandA-Y 

(d) Y - A and A - A 

633. The squirrel cage rotor of a 4-pole induc¬ 
tion motor can be used for 

(a) 4-pole induction motor only 

(b) 2-pole induction motor only 

(c) 8-pole induction motor only 

(d) Any number of poles, induction motor 

634. The no load current of a 4-pole induction 
motor can be used for 

(a) 2.0 amp ( b ) 6.0 amp 

(c) 10.0 amp (d) 20.0 amp 

*635. A 4-pole, 50 Hz, 3-phase induction motor 
is running on full load at 1440 r.p.m. The 
percentage slip of the motor is 

(a) 2% (b) 4% 

(c) -2% (d) -4% 

*636. An induction motor has a starting torque 
of 300 N-m., when started by direct 
switching. If a star-delta starter is used 
for starting the starting torque will be 
(a) 173.2 N-m (b) 300 N-m 

(c) 100 N-m (d) 519.6 N 

637. A single phase a.c. induction motor is not 


47 

self starting because it has 

(a) no slip 

(b) rotor is short-circuited 

(c) high inertia 

(d) absence of rotating magnetic field 

638. The motor generally used in household 
washing machine is 

(a) Shaded pole motor 

(b) Capacitor start motor 

(c) Capacitor start and capacitor-run motor 

(d) D.C. motor 

639. For speed control of 3-phase slip ring 
induction motor, from rotor side, a thyris¬ 
tor chopper can be used based on the 
principle of 

(a) Rotor resistance control 

(b) Cascade control 

(c) Change of poles 

(d) Change of supply frequency 

640. The rated voltage of alternators used in 
power stations is usually 

(a) 11 kV (b) 66 kV 

( c ) 132 kV , (d) 400 kV 

641. For medium head hydro-power station the 
following turbine is used 

(a) Kaplan or Francis 

(b) Pelton 

(c) Propellor type 

(d) Any of the above turbines 

642. The pH value of water used for boiler is 

(a) unity ( b ) 7 

(c) 10 (d) slightly more than 7 

643. The overall efficiency of a thermal plant 
lies in the range of 

(a) 20% to 25% (b) 30% to 40% 

(c) 45% to 60% (d) 65% to 80% 

644. Classification based on discharge is as 
follows 

(a) Low discharge : Pelton turbine 
Medium discharge : Francis turbine 
High dischange : Kaplan turbine 

( b) Low discharge : Francis turbine 
Medium discharge : Kaplan turbine 
High discharge : Pelton turbine 
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(c) Low discharge : Francis turbine 
Medium discharge : Francis turbine 
High discharge : Kaplan turbine 

(d) Low discharge : Kaplan turbine 
Medium discharge : Pelton turbine 
High discharge : Francis turbine 


645. Diversity factor is defined as 

Simultaneous max. demand of the consumer 


(«) 

(b) 

(c) 

id) 


Sum of Individual max. demands 
Sum of individual max, demands 

Simultaneous max demand of the consumer 
Sum of Individual max, demands 
Alternative max demand of the consumer 
Sum of individual max, demands 
Average demand of the consumer 


646. Connected load is 

(a) sum of total of ratings (in kW) in the 
site of consumer 

( b) sum of total of ratings (in kVA) in 
the site of consumer 

(c) sum of total of ratings (in kW) at the 
generating station 

(d) both (a) and ( b) 


647. The annual cost characteristics of the 
plants are given as 
Cj =5 kW 1 + 0.02 kW hr 
C 2 = 7 kW 2 + 0.015 kW hr 


(a) coal mines 

(b) for machine tools of high power 
0 c ) lifts 

(d) cranes or hoists 

651. In rheostatic or D.C. Dynamic braking in 

(a) motor speed reaches to zero 

( b ) motor speeds up in reverse direction 

(c) motor is disconnected from the supply 
and is used as a generator 

(d) a generator is driven as motor and 
O.P. of electrical energy is dissipated 
in external rheostats 

*652. The distance between two stations is 1 
km and the average and scheduled speeds 
of the train are 36 kmph and 30 kmph. 
The station stopping time is 
(a) 20 sec. ( b ) 40 sec. 

(c) 10 sec. {d) 16 sec. 

653. In case of an urban service distance bet¬ 
ween two consequative stops is 
(a) less than 11 km 
(/?) more than 11 km 
(c) about 50 km 
0 d) about 100 km 

654. . is supply frequency of traction 


Which plant can be used for base load 
operation 

(a) Plant 1 

(b) Plant 2 

(c) Any of the two 

(d) None of these 

648. In a power plant a reserve generating 
capacity which is not in service but is in 
operation is known as 

(a) Hot reserve ( b ) Spinning reserve 

(c) Cold reserve (< d) Firm power 

649. Plugging of motor is done for 

(a) rapid stops and quick reversals 
'{b} to drive the motor in uni-direction 

(c) for quick reversal only 

(d) for rapid stops only 

650. High frequency (150 Hz to 200 Hz) in¬ 
duction motors are used in 


motors. 
(a) 30 Hz 
A 


(b) 


12— Hz or 


25 Hz 


(c) 16— or 25 Hz 

(d) 50 Hz 

*655. A lamp emits a total flux of light of 1500 
lumens, its mean spherical candle power 
is .C.P. 

, . 1500 ... 1500 

(«) -zr (b) 


(C) 


2n 

1500 

71 


(d) 


2n 

1500 

471 


*656. 


A plane surface is placed 3 meters from 
a 200 C.P. uniform source of light. When 
the plane is normal to the source of light 

fhp illuminati 

Froi 
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, , 200 


(b) 


200 


(c) 


200 


3x3x3 


3 2 

{d) 200 


657. The overall efficiency and power factor 
of mercury vapour lamp are respectively 

(a) 30 lumens/watt, 0.65 

(b) 35 lumens/watt, 7 

(c) 35 lumens/watt, 0.65 

(d) 35 lumens/watt, unity 

658. Unit of solid angle is 

(a) degrees (b) radians 

( c ) steradians (d) none of these 


659. Ringmain system is used for 

(a) urban services 

(b) rural areas 

(c) both urban, and rural areas 

(d) none of these 


660. Voltage drop of a uniformly loaded dis¬ 
tributor fed at one end and uniformly 
loaded distributor fed at both ends are 


respectively 
. , IR IR 

(,) T'T 

, , IR IR 

(C) T’T 


IR IR 

(b) T 1 T 


(d) IR, IR 


Where R = total resistance of the dis¬ 
tributor in ohms 
I = total current in amperes 

661. Tor selection of conductor cross-section 

the Kelvin’s law can be adopted upto 
(a) 22 kV (b) 20 kV 

(c) any voltage (d) 2 kV 

662. For melting and refining of brass and 
non-ferrous metal the furnace used is 

(a) Core less induction furnace 

(b) Core induction furnace 

(c) Ajax Wyatt vertical core type furnace 

(d) None of the above 

663. For drying of textiles the heating method 
preferred is 

(a) Eddy current heating 

( b ) Dielectric heating 


(c) Induction heating 

(d) Frequency heating 

664. Pick up the following correct statement 

(a) Carbon electrodes can be used On d.c.; 
metal electrodes can be used both on 
a.c. and d.c. 

(b) Carbon electrodes can be used on a.c.; 

metal electrodes can be used only on 
d.c. , ^ 

(c) Carbon electrodes can be used on a.c.; 
metal electrodes can be used only on 
a.c. 

(d) Carbon and metal electrodes can be 
used both on a.c. and d.c. - 


665. Temparature of the arc in arc welding is 
of the order of 

(a) 150°C ( b ) 1540°C 

(c) 3500°C (d) 1000°C 

666. GMD method of calculating inductance 
of a conductor is applicable in the fol¬ 
lowing cases 

(a) Non homogeneous conductors such as 
ACSR 

(b) Homogeneous conductors 

(c) Current is-uniformly distributed over 
the section of conductor 

(d) Both (a) and (c) 


667. The current is concentrated more on the 
surface side of the conductor and less on 
the inner side, this effect is 

(a) Skin effect (b) Proximity effect 

(c) Induction (d) Interference 

668. Electrical power is being transmitted over 

the overhead lines at approximately .. 

m/s. 

(a) 3 x- 10 10 (b) 3 X 10 8 

(c) 300 (d) 3 x lO" 8 

669. % regulation of a transmission line is 


(«) 


(c) 




(b) 


(d) 


O r 

-0, 

ft. 
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where d; — no load receiving end volt¬ 
age 

— full load receiving end volt¬ 
age 

— sending end voltage 

670 . The transmission lines with lengths bet¬ 
ween 80 km and 160 km are categorised 
as 

(a) Short lines (b) Long lines 
> (c) Medium lines (d) None of these 

671 . The approximate value of surge im¬ 
pedance for transmission line and cable 
is repectively 

(a) 40 and 400 (b) 4 and 40 

(c) 40 and 4 (d) 400 and 40 

672 . Corona loss can be detected by 

(a) hissing noise 

( b ) ozone gas 

(c) voilet glow around conductor 

(d) all of the above 

673 . Corona loss can be minimized by 

(a) large dia. conductors 

(b) hollow conductors 

(c) bundelled conductors 

(d) all of the above 

674. For .short spans and voltages upto 33 kV 
the following supports arc used : 

■a) Steel poles 

( b) Reinforced concrete poles 

(r) Both to) and [hi 

{d) Broad-based steel lattice structures 

675. Materials used for insulators are 

(a) Porcelain or toughned glass" 

(b) Silica 

(c) Cement 
yd) Clay 

676. For 132 kV transmission, the number of 
insulators required is 

(a) 11 (b) 12 

(c) 10 (cl) any number 

677. For low voltages or order 11 kV . 

insulators are used 

(a) Pin ( b ) Shackle 
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(i c ) Suspension (d) Glass 

678 . The electric breakdown strength of a 
material depend on its 

(a) Composition 

(b) Thickness 

(c) Moisture current 

(d) All of the above 

679. Dielectric strength of porcelain is around 

(a) 10 kV/mm ( b ) 15 kV/mm 

(c) 35 kV/mm (d) 75 kV/mm 

680 . Ferranti effect on long overhead line is 
experienced when it is 

(a) lightly loaded 

(b) on full load at unity p.f. 

(c) on full load at 0.8 p.f. lag 

(d) In all these cases 

681 . An overhead line with surge impedance 
400 ohms is terminated through a resis¬ 
tance ‘R\ A surge travelling over the line 
does not suffer any reflection at the junc¬ 
tion if the value of ’R’ is 

(a) 400 ohms (b) 20 ohms 

(c) 800 ohms (d) 40 ohms 

682 . A 3-phase breaker is rated at 2000 MVA, 
33 kV, its making current will be 

(a) 35 kA (b) 49 kA 

(c) 70 kA (d) none of these 

683 . Where voltages are high and current to 
be interrupted is low the breaker used is 
(a) Vaccume C.B. (b) Air blast C.B. 

(c) Oil C.B. (d) Any of the above 

684 . Standard value of footing resistance for 
66 kV and 400 kV is respectively 

(a) 10 and 80 (b) 80 and 10 

(c) 100 and 800 (d) both ( a) and (c) 

685 . The following is true regarding construc¬ 
tion of reactor : 

(a) Reactor coils are wound for low in¬ 
ductance and high resistance 

(b) Reactor coils are wound for high in¬ 
ductance and low resistance 

(c) Reactor coils are wound for minimum 
inductance and minimum resistance 
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(d) Reactor coils arc wound for maximum 
inductance and maximum resistance 


686. Following material is used for fuse wire 

(a) Copper-aluminium alloy 

(b) Tin-lead alloy 

(c) Lead-zinc alloy 

( d) Stainless steel 

687. Base impedance is related to base vojtage 
(W b ) and Base (kVA) b as 

_(kVA)*xl000 
(a) -—;- 


100 

(c) (kVA) fo x V h x 100 

(d) 3 

K (kVA)£x 1000 

688. Series fault on a power system is charac¬ 
terized by 

(a) fall in current and rise in voltage and 
frequency in faulted phases 

( b) rise in current and rise in voltage and 
frequency in faulted phases 

(c) current, voltage and frequency be¬ 
comes zero in faulted phases 

( d) none of the above 

*689. If the inducatance and capacitance of a 
system are 1.0 H and 0.01 pf respectively 
and current to be interrupted is 10 amp, 
the voltage across the breaker contact is 

(a) 50 kV ( b ) 100 kV 

(c) 60 kV (d) 57 kV 

690. The dielectric strength of a gas at 
atmospheric pressure is nearly 

, (a) same as air 

(b) less than air 

(c) 2.5 times than air 

(d) 10 to 15 times than air 

691. Sensitivity of relay is expressed in 

(a) Volt-amp’s required for relay opera¬ 
tion 

(b) Amp’s required for relay operati'on 

(c) Volts required for relay operation 


(b) 


n 


(kVA )P 


(d) None of these 

692. In which relay no intensional time delay 
is provided 

(a) Instantaneous relay 

( b ) Inverse time current relay 

(c) Inverse definite minimum time relay 

(d) Any of the above 

693. Pick up value of the relay is 5 amps and 

relay setting is 125%. Then operation cur¬ 
rent of the relay is . amp£. 

(a) 5 x 1.25 amps(b) 1.25/2 amp* 

(c) 5 amps (d) 5+1 x 1.25'amps 

694. In protection of alternator against negative 

phase sequence. relay is. tssed. 

(a) IDMT (b) VIT 

(c) Inverse relay ( d ) None of these 


695. protection can not be used for 

inter-turn faults of windings 

(a) Restricted 

(b) Differential 

(c) Stator 

(i d) None of the above 

696. Sumpener’s test of transformer gives 

(a) temperature rise 

(b) copper loss 

(c) Iron loss 

(d) polarity of the windings 


697. The flux involved in e.m.f equation of a 
transformer has 

(a) r.m.s. value (b) average value 
(c) total value (d) maximum value 

698. A transformer has N| and N 2 turns in 
primary, and secondary windings respec¬ 
tively. It’s secondary winding reactance is 
X 2 ohms, when referred to primary, is 


v 

N, 1 

z - 

( b ) X 2 

w 

N 1 

') 
fN.l 

2 

k, V 

f N 0 

K 

id) X 2 

n 2 

v 


(a) X 2 


(c) X 2 


699. The leakage flux of a transformer depends 
on 

(a) applied voltage (b) frequency 
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(c) load current ( d) the mutual flux 

700. Distribution transformer has coreloss 

(a) > copper loss ( b ) = copper loss 

(c) < copper loss id) = 1/2 copper loss 

701. For ’P’ poles machine relation between 
electrical and mechanical degrees is given 
by 

(a) 6 e = 2/P e m 

(b) Q e = 4/P0 w 

(c) 0 m = P/20 e 
id) 0 e = P/20 m 

702. A 4-pole, dc machine is running at a speed 
of; 1500 rpm. The frequency of current in 
armature winding is 

id) 25 Hz (b) 0 Hz 

id) 100 Hz id) 50 Hz 

703. The commutator segment in a d.c. 
machine is made up of 

(a) Brass 

ib) Copper' 

(c) Hard drawn topper 
id) Aluminium 

704. A d.c. shunt motor is 
(a) Variable-speed motor 

ib) Adjustable speed motor 
(c) Constant speed motor 

id) Variable constant speed motor 

705. The possible resistance of the shunt field 
winding at a d.c. machine is 

id) 11 ib) 2 

ic) 200 id) 20 

706. A dc motor operates on 220 V supply and 
its back emf is HO V, then following 
statement is correct : 

ia) Machine operates at max efficiency 

ib) Machine operates at half the maxi¬ 
mum efficiency 

(c) can’t be said anything about efficiency 

id) none of the above 

707. If residual magnetism of a shunt generator 
is destroyed, it may be restored by con¬ 
necting its shunt field 

(a) to„earth ib) to an a.c. source 


(c) in reverse id) to d.c. source 

708. Two d.c. series motors when connected 

in series draw a supply current of I amps, 
and runs at ’N’ rpm. Now, if the motors 
are connected in parallel, the motor con¬ 
tinues to draw I amps, then speed of the 
motors will be 

(a) N ib) N/4 

(c) 4N id) 2N 

709. Armature control of d.c. motor provides 
(a) constant load torque 

ib) constant voltage drive 
(c) constant current drive 
id) none of the above 

710. Swinburne’s test can be conducted only 
on 

ia) DC shunt motor 

ib) DC series motor 

(c) Either ia) or (b) 

(d) It can’t be used for both (a) and ib) 

711. The effect of increasing the length of air 
gap in an induction motor will be to 
increase the 

ia) Power factor 

ib) Speed 

(c) Magnetising Current 
id) Air gap flux 

*712. Rotor input power to an induction motor 
is 100 kW. The slip of motor is 10% 
Gross mechanical power develped by its 
rotor is 

id) 10 ib) 90 

ic) 99 id) 80 

713. In general rotor iron losses are neglected 
because 

(a) In general it is not taken into account 
for no reason 

ib) Frequency of rotor current will be 
very small and hence iron losses 
(c) In general iron losses are not 
taken into account for calculation 
of efficiency 

id) No reason can be given for it. 

714. For low values of slip, the torque is 
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(a) proportional to slip 

(b) inversely proportional to slip 

(c) independent of slip 

(d) proportional to square of slip 

715. For the purpose of starting an induction 
motor a Y-A switch is equivalent to an 
auto-transformer starter of ratio 

(a) 33.3% (b) 57.7% 

(c) 73.2% {d) 60% 

*716. If chording angle is 60°, then chording 
factor is 

(a) 3 ( b ) 0.866 

(c) 2/2 (d) 1.414 


717. Ditribution factor is defined as 
. . e.m.f, with distributed winding 

} e.m.f. with concentrated winding 

... e.m.f. with concentrated winding 

e.m.f. with distributed winding 

(c) both (a) and ( b ) 

(d) none of the above 


718. In an open circuit test and short-circuit 
test on an alternator the open circuit volt¬ 
age is found to be 50 V and short-circuit 
as current is found to be 200 A, then short 
synchonous impedance in ohms is 

(a) 4 (b) 50 x 200 

(c) 0.25 (d) 5 

719. For parallel operation of alternator the 
following condition must be fulfilled 
(a) Terminal voltage of alternator is equal 

to bus bar voltage 

\b) Frequency of emf induced in alter¬ 
nator must be equal to bus bar fre¬ 
quency 

(c) Phase sequence of generated emf must 
be same as phase sequence of bus bar 
(. d) All of the above 


720. The armature reaction in an alternator is 
demagnetising for load 

(a) lagging \b) leading 

(c) unity (d) zero 

721. A synehoronous motor running with nor¬ 
mal excitation adjusts to load increases 
essentially by increase of its 


(a) power factor (b) torque angle 
(c) back e.m.f (d) armature current 

722. The back emf (E^) of alternator is de¬ 
pendent on 

(a) speed of the motor 

(b) load on the motor 

(c) both speed and rotor flux 
{d) d.c. excitation only 

723. Torque angle is defined as 

(a) phase angle between load and voltage 

(b) angle between rotating flux and rotor 
poles 

(c) angle of the load 

(d) none of the above 

724. Identify the following 




Fig. QB-12. 

(a) I-Induction motor 
II-Capacitor start induction motor 
Hi-Shaded pole I.M. 

IV-Choke with rotor 

( b ) I-J-motor 

H-Singlephase capacitor start motor 
Hi-Permanent split-capacitor start 
motor 

IV-Shaded pole motor 

(c) I-Inductance split motor 
E-Capacitor start Induction motor 
Hi-Split phase capacitor start induc¬ 
tion motor 

IV-Shaded pole induction motor 
*725. Power drawn from a source is at p.f of 
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0.8. If P 0 = 200 W the reactive power 
drawn from the supply is given by 

(a) 200 VARs (b) 160 VARs 

(c) 150 VARs (d) 120 VARs 

726. Maximum power drawn from a source of 
internal resistance ‘R’ is delivered to a 
resistive load R 2 if 

(a) R, = R 2 (b) R, > R l 

(c) Rj < R 2 (d) Rj — R 2 

727. If a capacitor is charged by a square 
waveform current source the voltage 
across the capacitor is 

(a) a square wave (b) triangualar wave 
(c) step function ( d) zero 

*728. A square wave is applied across ImH 
ideal inductor. The current through the 

inductor is of .wave 

(a) square (b) triangular 

(c) trapezoidal (d) exponential 

729. Emf of dry cell is 

(a) 1 V ( b ) 1.1 V 

(c) 1.5 V {d) 2.2 V 

*730. If the current through branch ’OA’ is zero, 
the value of R will be 
(a) 2CI (b) 3 Cl 

(c) 4Q (d) 6CI 

731. P.f. of a ckt under resonance is 

(a) Unity ( b ) Zero 

(c) 0.8 (lag) (d) 0.8 (lead) 

732. In expression, VI* = R + J*, where ’V’ 
is the voltage impressed across the ckt in 
polar form, I* is the complex conjugate 
of ckt current ’R’ in real part,, its imagi¬ 
nary part then 

(a) R-active power, I-Reactive power 

(b) R-active power in kW; I-Reactive 
power in kVAR 

(c) R-Reactive power in kVAR; I-active 
power in kW 

(d) None of the above 

733. In moving coil instrument, the deflecting 
torque is proportional to. 

(a) I (b) Vf 
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(e) I 2 (d) I 3/2 

734. The dielectric loss can be measured'by 

(a) Wein bridge 

(b) Moving iron meter 

(c) Moving coil meter 

(d) Electrostatic meter 

735. VA rating of instrument transformer is 
nearly 

(a) 0.1 VA ( b ) 10 VA 

(c) 100 VA (d) 1 kA 

736. The full scale deflection of current of 
meter is 1 mA and its internal resistance 
is 100 ohms. This meter is to have full 
deflection when 100 V is measured. What 
is the value of resistance to be used? 

(o) 99.99 k£2 (b) 100 kCl 

(c),99 k£2 (d) 9.99 kCl 

737. In the wattmeter method of measuring 
3-phasb power, power factor is 0.5 then 
one of the wattmeter will read 

(a) W/2 (b) Zero 

(c) 2W (d) W/3 

738. In an unbiased PN Junction the current 
in equilibrium is 

(a) zero because no charges cross the 
junction 

(b) zero because equal number of charges 
cross the junction 

(c) due to diffusion of minority carriers 

(d) due to diffusion of majority carriers 

739. Among the three configurations highest 
output impedance is obtained by 

(a) CE (b) CC 

(c) CB (d) CE and CB 

740. A CE amplifier has R, = 1000 R c = 100 
and h ie = 1000, h fe - 99Q 

I/P resistance is ... 

(a) 100 Cl (b ) 1000 Cl 

(c) 10 k£2 (d) 11 kCl 

*741. Three balanced delta-connected resistors 
consume a power of 1500 W from a 
symmetrical 3-phase supply. If these resis¬ 
tors are reconnected in star across the 
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same supply, the power consumed would 
be 

(a) 1500 W (b) 4500 W 

(c) 500 W (d) 1000 W 

*742. Two wattmeters are used to measure 
power input to a 3-phase balanced load. 
The reading in one wattmeter is twice that 
of the second. The power factor of the 
load is 

(a) zero lag (/?) 0.866 

(c) 0.5 (d) unity 

743. N-type semiconductor is obtained by 
adding 

(a) a trivalent impurity to tetravalent 
material 

(b ) a trivalent impurity to a pentavalent 
material 

(c) a pentavalant impurity to a pure 
tetravalent material 

(cl) a pentavalent impurity to a pure 
trivalent material 

744. The common-emitter connection of a tran¬ 
sistor is preferred to the common-base 
connection since the former has 

(a) lower input resistance and higher cur¬ 
rent and power gains 

(b) higher input resistance and higher cur¬ 
rent and power gains 

(c) higher input resistance and lower cur¬ 
rent and power gains 

(cl) lower input resistance and lower cur¬ 
rent and power gains 

745. MOSFET is a 

(a) bipolar device ( b ) diode 

(c) tripolar device (d) unipolar device 

746. When Cathode Ray Oscilloscope is used 
for the measurement of an unknown volt¬ 
age, the unknown voltage is applied bet¬ 
ween 

(a) vertical plates 

(b) horizontal plates 

(c) X-Y plates 

(d) one horizontal plate and earth 

747. If two sinusoidal' voltages of the same 


frequency hut having a phase difference 
are applied to the horizontal and vertical 
plates of a Cathode Ray Oscilloscope, the 
figure on the screen would be 
(a) a circle (b) an ellipse 

(c) a parabola (d). a square 

748. Wien-bridge oscillator is 

(a) an R-C audio oscillator 

(b) an L-C audio oscillator 

(c) a crystal oscillator 

(d) tunnel-diode oscillator 

749. The electric flux emanating from a point 
charge of (iC is (in SI units) 

(a) 5C (b) l n C 

id) 5|aC (d) ~|iC 


750. The capacitance of a parallel-plate 
capacitor is given by the formula (with 
usual notation) 

d 

6 0 € r A - 

€ 0 €A 


, , e o e j- d 

M A 

(b) 

d 

< C) A 

(d) 


751. The core of a transformer is laminated in 
order to reduce 

(a) its cost (h) eddy-current loss 

(c) hysteresis ( d ) copper loss 

*752. The H.V. winding of a 1-phase, 400 V/ 
200 V transformer has a resistance of 1.0 
ohm. Its total equivalent resistance in 
terms of H.V. is 1.8 ohms. The resistance 
of its L.V. winding is (in ohms) 

(a) 0.2 \b) 0.8 

(c) 0.4 (d) 1.0 

753. The voltage regulation of a transformer 
would be negative generally at the fol¬ 
lowing power factor 

(a) Unity (b) 0.8 lagging 

(c) 0.2 leading ( d) Zero lagging 

754. The following power loss does not vary 
with the load in a transformer operated 
on a constant-voltage, constant-frequency 
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supply; 

(a) Primary copper loss 

(b) Core loss 

(c) Secondary copper loss 

(d) Eddy-current loss only 

*755. The full-load commercial efficiency at 0.8 
power factor of a 2.5 kVA transformer 
having core loss of 65 W and a full*load 
copper loss of 135 W is 

(a) 92.6% (h) 85% 

(c) 98% (d) 90.91% 

756. A 1-phase 2.5 kVA, 250 V/125 V, 50 Hz 
transformer consumes 150 W at full load 
current with 25 volts applied to the H.V. 
winding and with the L.V. winding short- 
circuited. Its total equivalent reactance in 
terms of L.V. is 

(a) 1.05 ohms (b) 2.0 ohms 

(c) 0.5 ohms (d) 0.375 ohms 

757. Scott-connection of transformer is used to 
obtain a 

{a) 1-phase supply from a 3-phase supply 

( b ) 2-phase supply from a 3-phase supply 

(c) 6-phase supply from a 3-phase supply 

(d) 3-phase supply from a 6-phase supply 

758. All-day efficiency is important for the 
following type of transformer 

(a) Distribution transformer 

( b ) Current transformer 

(c) Potential transformer 

(d) Isolating transformer 

759. The rotor of a 3-phase slip-ring induction 
motor has 

(a) a.c. winding having the same number 
of poles as the stator winding 

(b) cage winding 

(c) N wave winding 

(d) a.c. winding having twice as many 
poles as the stator winding 

*760. A 3-phase, 6-pole induction motor con¬ 
nected to a 50 Hz supply runs at 975 rpm 
on full load. Its full-load slip is 
(a) 25% (b) 1.5% 

(c) 2.5% (d) 2.0% 


761. Advantage of ring-mains over a radial 
distribution system is that 

(a) it is cheaper 

(b) its protection is simpler 

(c) its arrangement is simpler 

(i d) no interruption of supply occurs in the 
event of a fault on any feeder (which 
is isolated) 


762. Kelvin’s law is used to determine the 

following : 

(a) The most economical length of a 
feeder 

(b) The most economical height of line 
supports 

(c) The most economical size of a con¬ 
ductor in a distribution system 

(d) The most economical insulation 


*763. The inductive reactance in ohms per km 
per phase of a 3-phase, 50 Hz, transposed 
transmission line can be calculated by the 
following formula, where D„, and d s are 
mutual and self gmds respectively. 


{a) 6.3 x l<)-* In 


\ 

(b) 0.063 x 1(H In 




D„ 


(r) 0.063 log l0 
(D 


v' / 


d s 


(cl) 0.063 In 


4 y 


764. In the nominal Pye model of a transmis¬ 
sion line having a total series impedance 
of Z and a total shunt admittance Y. the 
sending end voltage V v in terms of receiv¬ 
ing end voltage V R is given on no-load 
by 


(a) (l+YZ)V R (b) 


YZ 
+ — 


(<•) 

f, yz> 
1 + T 

V 

V R (d) z\ 

f. YZ) 
, + _._ 


^ • > 


V / 


765. The receiving-end voltage of a long line 
would be greater than the sending-end 
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voltage on no-load. It is due to the fol¬ 
lowing of the line. 

(a) Resistance (b) Inductance 

(c) Capacitance (d) Conductance 

766. The following type of insulator is used at 

the dead-end tower of a transmission line: 

(a) Strain ( b ) Suspension 

(c) Pin ( d) Post 

767. The valve type lightning arrestor uses the 
following material as a nonlinear resistor, 

(a) Silicon carbide(i) Porcelain 

(c) Silica gel (d) Calcium carbide 

768. In the minimum oil circuit breaker, the 
oil is used for the following purpose only: 

(a) Insulation 

(b) Cooling 

(c) Arc quenching 

(d) Both insulation and arc quenching 

769. The following actuating structure along is 
suitable for an over current relay in a d.c. 
system : 

(a) Balanced-beam 

(b) Induction-cup 

(c) Induction-disc 

(d) Attracted-armature 

770. The high rupturing capacity (HRC) fuse 
consists mainly of 

(a) a pure silver wire immersed in oil 

(b) a pure silver wire immersed in quartz 
power 

(c) a tin-coated copper wire immersed in 
quartz power 

(d) a tin-coated copper wire immersed in 
oil 

771. For the following type of load, the torque 
remains constant irrespective of the speed: 

(a) Fluid friction with lubricant 

(b) Fan 

(c) Crushing 

(d) Crane 

772. Fly wheel is used in industrial drives 
mainly for 

(a) decreasing the investment cost 

(b) stability 


(c) load equalization 

(d) safety 

773. In scaled unit refrigeration systems, the 
following type of electrical motor is used: 

(a) Split-phase induction motor 

(b) Capacitor-startl-phase induction 
motor 

(c) Universal motor 

(d) Stepper motor 

*774. The distance between two stations con¬ 
nected by electric traction is one km. The 
average and scheduled speeds of an 
electric train running between them are 
36 kmph and 30 kmph respectively. The 
total stopping enroute is 
(a) 40 sec (b) 10 sec 

(c) 20 sec (d) 16 sec 

775. One of the following is used as dielectric 
in capacitors : 

(a) Paper (b) Aluminium 

(c) Water (d) Copper 

*776. Two capacitors having capacitances of 
6 pF and 10 pF respectively are connected 
in series across a 200 V supply. The 
charge on each capacitor is 
(a) 3200 pC (b) 750 pC 
(c) 1200 pC (d) 2000 pC 

111. The units of electric flux density is 
(a) Volt/meter (b) Wb/m 2 

(c) Farads (d) Coulomb/m 2 

778. The ratio of electric flux density to electric 
field strength is known as 

(a) permeability ( b ) potential gradient 

(c) permittivity (d) capacitance 

779. The relative permittivity of glass is in the 
range of 

(a) 5-10 (b) 2-2.5 

(c) 3-5 (d) 1.5-2.0 

780. A 50 pF capacitor is charged from a 200 
V supply. The electrostatic energy stored 
in it is 

(a) 2 joules ( b ) 4 joules 

(c) 1 joules (d) 2.5 joules 
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*781. A capacitor has a capacitance of 3 pF To 
obtain a capacitance of 2.5 pF, another 
capacitance to be connected in series is 
(a) 5.5 pF (b) 7.5 pF 

(c) -0.5 pF (d) 15 pF 

782. The best conducting material is 

(a) Copper ( b ) Silver 

(c) Aluminium (d) Iron 

783. Which one of the following insulating 
materials can withstand a maximum 
temperature rise of 90°C only? 

{a) Mica (b) Expoxide 

(c) Glass (d) Paper 

*784. The power input to the rotor of a 3-phase 
50 Hz 6-pole induction motor is 8 kW at 
a slip of 3.3%. The rotor copper loss per 
phase is 

(a) 2.64 kW (b) 880 kW 

(c) 77.36 kW (d) 25.8 kW 

785. The slip for maximum torque in an in¬ 
duction motor is directly proportional to 

(a) rotor resistance 

(b) stator resistance 

. ( c ) stator leakage reactance 

(d) rotor leakage reactance 

786. The ratio of starting torque with star delta 
starter to the starting torque with direct 
on line starting is 

(a) ^ (b) ^3 

(c) ~ id) 3 

*787. A 3-phase induction motor has a starting 
torque of 320 N-m when started by direct 
switching. When started through an 
autotransformer with 50% tapping, the 
starting torque will be 
(a) 160 Nm (b) 640 Nm 

(c) 1280 Nm (d) 80 Nm 

788. In a capacitor start motor, the capacitor 
is connected 

(a) in series with auxiliary winding 

( b ) in series with main winding 

(c) in parallel with auxiliary winding 
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(d) none of these 

789. Campared to a split phase motor, a 
capacitor start motor has 

(a) lower starting torque 

( b ) lower running torque 

(c) same starting torque 

( d ) higher starting torque 

790. In an alternator the ratio of phasor sum 
of coil side e.m.f/s to the arithmetic sum 
of coil side e.m.f.’s is known as 

(a) peak factor (b) pitch factor 
(c) leading pf (d) zero pf 

791. The voltage regulation of an alternator 
can be negative under 

(a) lagging pf (b) unity pf 

(c) leading pf (d) zero pf 

792. The ratio of o.c. voltage for a certain 
excitation to the s.c. current for the same 
excitation in an alternator is 

(a) Short circuit ratio 

(b ) Leakage reactance 

(c) Field circuit resistance 

(d) Synchronous impedance 

793. A synchronous motor develops torque at 

(a) above synchronous speed 

(b) below synchronous speed 

(c) synchronous speed 

(d) zero speed 

794. Creep in an energy meter is prevented by 

(a) adjusting brake magnet 

( b ) two holes on the disc 

(c) control spring 

{d) adjusting shading band 

795. The insulation resistance of a cable can 
be measured by 

(a) Meggar 

(b) Ammeter-voltmeter method 

(e) Ohm meter 

(d) Kelvin’s Bridge 

796. For measurement of very low resistance 
the following is used : 

(a) Wheatstone bridge 

(b) Meggar 
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(c) Kelvin’s double bridge 
C d) Loss of charge method 

797. Nominal ratio for a C.T. is defined as the 
ratio of 

(a) number of turns of secondary to num¬ 
ber of primary turns 

(b) rated secondary current to rated 
primary current 

(c) number of primary turns to number 
of secondary turns 

( d ) rated primary current to rated secon¬ 
dary current 

798. Ratio error in a C.T. is reduced by 

(a) increasing leakage reactance 

( b ) using core with highl reluctance 

(c) turns compension 

(d) reducing burden 

799. In suburban service compared with urban 
service 

(a) the costing period is smaller but free 
running period is longer 

(b) the costing period is longer 

(c) both the above periods are smaller 

(d) none of the above 

800. The specific energy consumption 

(a) decreases with increase in maximum 
speed 

( b) is independent of maximum speed 

(c) increases with decrease in maximum 
speed 

(d) increases with increase in maximum 
speed 

801. Coefficent of adhesion is higher if 

(a) speed is high and rails are sandy and 
dry 

( b ) speed is low and rails are sandy and 
dry 

(c) speed is high and rails are wetty 
(cl) rails are wet and greasy 

802. For rheostatic braking of two series 
motors connected in parallel 

(a) equalizer connection is better 

(b) cross connection is better 


( c) both are equally good 

(d) none of them is used 

803. For dielectric heating the range of fre¬ 
quency normally used is 

(a) 10 to 40 MHz (b) 10 to 100 kHz 
(c) 1 to 10 MHz (d) 100 kHz to 1 MHz 

804. Seam welding is not normally recom¬ 
mended for 

(a) Stainless and coated steels 

( b) Aluminium alloys 

(c) Alloys of nickel and magnesium 

(d) Copper and high copper alloys 

805. When an electron is removed from an 
atom, it becomes 

(a) anode (h) cathode 

(c) negative ion (cl) positive ion 

806. How many different combinations can be 
obtained with three similar resistors 
having resistance of k-ohm? 

(a) 3 (b) 4 

(c) 2 {d) 5 

*807. The resistance of a 100 W, 200 V incan¬ 
descent lamp is 

(a) 100 ohms (/;) 200 ohms 

(c) 400 ohms (cl) 50 ohms 

808. The rating of a fuse wire is expressed as 

(a) ohms (b) mhos 

(c) Amperes (cl) kWs 

809. Inductance is defined as 

(a) rate of change of flux 

(b) rate o.f charge of current 

(c) rate of change of emf 

(cl) change of flux linkages per ampere 

810. The mutual inductance of two coils is 
maximum when the coils are 

(a) inclined at an angle of 45 degrees 

(b) at right angles to each other 

(c) touching each other 

(d) facing each other 

811. Capacitor are said to 

(a) block a.c. and pass d.c. 

(b) block d.c. and pass a.c. 

(c) block d.c. and a.c. 
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(d) pass d.c. and a.c. 

812. One farad is same as 

(a) One coulomb/volt 

(b) One joule/volt 

(c) One joule/coulomb 

( d) One coulomb/joule 

813. Nichrome is an alloy of 

(a) Silver, copper and nickel 

( b ) Aluminium, tin and copper 

(c) Nickel, chromium and iron 

(i d) Chromium, aluminium and copper 

814. Magnetic recording tape is most common¬ 
ly made from 

(a) ferric oxide (b) silicon-iron 
(c) iron dust (d) nickel iron 

815. Silicon doped with gallium is 

(a) intrinsic semiconductor 

( b ) extrinsic semiconductor 

( c ) p-type semiconductor 
(i d) n-type semiconductor 

816. Metals approach super conductivity con¬ 
ditions 

(a) near absolute zero temperature 

( b ) near room temperature 

(c) under the conditions of higher pres¬ 
sure and temperature 

(i d) near boiling temperature 

817. Photovoltaic cells are widely used for 

(a) illumination ( b ) radars 

(c) remote sensing (d) steel mill motor 

818. Laminations are used in armature core of 
a DC machine to 

(a) increase air movement 

(b) reduce volume 

(c) reduce weight 

(d) reduce eddy current loss 

819. The DC generator preferred for charging 
automobile batteries is 

(a) series generator 

(b) shunt generator 

(c) compound generator 

(d) any of the above 

820. Tap changer is used in a power trans¬ 


former for 

(a) adjusting the primary voltage 

(b) adjusting the secondary voltage 

(c) adjusting both side voltages 

(d) adjusting the power factor 

*821. Four identical batteries each of 1.5 V and 
an internal resistance of 1.0 ohm are con¬ 
nected in series to feed a load of 2.0 
ohms. The current in the circuit is 
(a) 1.5 A (b) 2.0 A 

(c) 1.0 A (d) 4.0 A 

822. Central terminal of a dry cell is said to 
be 

(a) positive (b) negative 

(c) neutral ( d) charged 

823. The ampere-hour capacity of a battery 
depends on 

(a) thickness of the plates 

(b) strength of the electrolyte 

(c) distance between plates 

(d) area of the plates 

*824. The rotor voltage of a slip-ring induction 
motor gives 120 oscillations per minute 
when the motor is connected to 3-phase, 
50 Hz supply. The percentage slip of the 
rotor is 

(a) 2 (JO 4 

(c) 5 (d) 6 

825. In an induction motor if the air gap is 
more than 

(a) speed will drop 

(b) efficiency will improve 

(c) power factor will be low 

(d) slip will decrease 

*826. In a 3-phase induction motor the ratio of 
rotor output to rotor input in terms of slip 


is 

m s 

(a) j 

(c) s 

(d)2-s 


827. The ceiling fan motor generally is a 
(a) split ph;7«?e motor 
(i b ) capacitor ^art type motor 
(c) capacitor start and capacitor run type 
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( d ) universal motor 

828. A single phase winding in a single phase 
motor produces 

(a) an alternating magnetic field 

( b ) a rotating magnetic field 

(c) a steady magnetic field 

( d) a stationary magnetic field 

829. Skin effect depends on 

(a) size of the conductor 

(b) supply frequency 

(c) resistivity of the conductor 

(d) capacitance of the line 

830. A voltmeter must have very high internal 
resistance so that 

(a) range is high 

( b ) loading effect is maximum 

(c) it takes minimum current 

(d) accuracy is high 

831. Lumen per watt is the unit of 

• ( a ) light flux (b) luminous intensity 

(c) brightness (d) luminous efficiency 

832. The effect of corona is 

(a) increased energy loss 

(b) increased reactance 

(c) increased resistance 

(d) increased inductance 

833. For solution by superposition theorem the 
circuits to be solved are equal to the 
number of 

(a) independent loops ( b) sources 
(c) nodes (d) branches 

834. A series RLC circuit draws current at 
leading power factor at 

(a) resonant frequency 

(b) below resonant frequency 

(c) above resonant frequency 

(d) at all frequencies 

835. The interpole windings in a d.c. machine 
are normally connected in 

(a) parallel with the load 

( b ) series with main field 

( c) series with the armature 


( d) parallel with main yield 

836. The torque of a series motor varies as 

(a) the armature current 

( b ) square of the armature current before 
saturation 

(c) square of the armature current after 
saturation 

(d) square of the speed 

837. In Swinburne’s test the no load power 
input supplies which of the following? 
(a) Iron losses in core 

( h ) Friction and windage losses 

(c) Armature copper loss 

(d) All the above 

838. The field winding of a synchronous motor 
is excited from 

(a) a.c. source 
(/?) d.c. source 
(c) rotating magnetic field 
(i d) none of the above 

839. If the height of the..support is doubled 
then the resulting sag becomes 

(a) unchanged (b) double 

(c) half (d) one-third 

840. The load curve is a plot of 

( a ) load versus generation capacity 

(b) load versus cost of power 

(c) load versus time 

(d) load versus current 

*841. The voltage across a 70 mH coil, when 
the current through it is 'changing at the 
rate of 20 A/sec, is •' 

(a) 1.4 V (6)0 V 

(c) 3.5 mV (d) 286 V 

*842. Which cell has reversible chemical reac¬ 
tion ? 

(a) Lead-acid (b) Mercury oxide 

( c ) Carbon-zinc (d) Silver oxide 

*843. In a balanced 3-phase circuit, power is 
measured by the two-wattmeter method. 
The readings of the two wattmeters are 
equal when the power factor is 
(a) zero (b) 0.5 
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(c) 0.866 (d) unity 

*844. In a series circuit, under resonant condi¬ 
tion, the following quantities are maxi¬ 
mum : 

(a) Voltage and current 

(b) Current and power factor 

(c) Impedence and current 

(d) Impedence and power factor 

*845. Maximum efficiency in a transformer 
occurs when 

(a) copper loss is a maximum 

(b) iron loss is a minimum 

(c) hysteresis loss equals eddy current 
loss 

(d) copper loss equals core loss 

*846. A delta-delta. 3-phase transformer bank 
will have a phase shift between the 
primary and secondary voltages of 

(a) 0° ( b ) 30° 

(c) 90° (d) -30° 

*847. The frequency of the currents induced in 
the running rotor of an induction motor 
is 

(a) equal to the supply frequancy 
(/?) greater than the supply frequency 

(c) less than the supply frequency 

( d) two thirds of the supply frequency 

848. Two dc machines of 500 kW each are 
tested by Hopkinson’s test. The power 
input will be approximately of the 6rcler 
of 

(a) 500 kW (h) 100 kW 

(c) 1000 kW (d) zero 


(a) 

(c) 


rms value 
average value 
average value 

rms value 


rms value 

(b) -;-— 

maximum value 

( t\ average value 
} maximum value 


*851. Two impedances 3 + j3 and 3 - /3 are 
connected in parallel. The impedance and 
power factor of the imput to the combina¬ 
tion are respectively. 

(a) 3^2 and 0.707 (b) 3 and unity 

(c) 6 and zero (d) 3 and ~- 


852 . The mechanical power developed by a de 
shunt motor is a maximum when 

(a) the back emf is equal to the applied 
voltage 

(b) the back emf is half the applied volt¬ 
age 

(c) the back emf is zero 

(d) the back emf is a quarter of the applied 
voltage 

853. For low values of armature current I, f the 
torque of a dc series motor is proportional 
to 

( a ) I„ (b) VI,, 

(c)j- (d)?„ 

854. If both the voltage and frequency of a 
3-phase induction motor are reduced by 
90% then its torque will 

{a) be reduced by 90% 

(b) be reduced by 81% 

(c) be reduced by 12.9% 

(d) remain altered 


849. In a transformer the secondary turns are 
doubled and the primary voltage is 
reduced by half. The secondary voltage 
will 

(a) be halved 

(b) become four limes 

(c) remain same 

(d) be reduced to a quarter 


if the slip remains unchanged. 

855. The current gain of a common collector 
(CC) transistor amplifier is 
{ci ) higher than CB connection but lower 
than CE connection 

(b) higher than CE connection but lower 
than CB connection 

(c) highest of all the three 
(. d ) lowest of all the three 


The form factor of an ac quantity is 
expressed as 




*856. An alternator. 
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360 V at 60 Hz when 1^ = 3.6 A. Neglect¬ 
ing saturation, the OC emf in volts at a 
frequency of 40 Hz and \ f = 2.4 A is 

(a) 360 ( b ) 870 

(c) 240 (d) 160 

857. An alternator supplies full load at leading 
power factor. When this load is thrown 
off, the terminal voltage. 

(a) remains constant 

( b ) decreases 

(c) increases 

(d) becomes zero 

858. Load angle of a synchronous machine is 
the angle between 

(a) excitation emf and busbar voltage 

( b ) excitation emf and load current 

(c) busbar voltage and load current 

(d) none of the above 

859. The damper winding in a synchronous 
machine 

(a) provides only starting torque 

( b ) eliminates hunting only 

( c ) improves power factor 

(d) provides both starting torque and 
eliminate hunting 

860. The armature current of a synchronous 
motor is minimum when the pf is 

(a) unity (h) zero 

(c) 0.8 logging ( d ) 0.9 leading 

861. The characteristic features of most of the 
base load power plants are 

(a) high capital cost and low operating 
cost 

( b ) high capital cost and high operating 
cost 

(c) low capital cost and low operating 
cost 

(d) low capital cost and high operating 
cost 

*862. A power plant operates at an annual load 
factor of 80% with an average load of 
120 MW. If the load factor falls to 60%, 
the average load on the plant would be 

(a) 200 MW (h) 160 MW 


63 

(c) 90 MW (d) 72 MW 

863. Farranti effect on long HV transmission 
line means 

(a) improvement in receiving end power 
factor 

(b) increase in receiving end voltage due 
to leading p.f. load 

(c) increase in receiving end voltage due 
to light lagging load or no load 

(i d) decrease in receiving end voltage due 
to lagging load 

*864. A short line has 6% resistance and 8% 
reactance, At full-load, 0.8 leading p.f. the 
regulation is 

(a) 0% (b) 6% 

(c) 8% (d) 9.6% 

*865. A 132 kV transmission line uses strings 
of .insulators, each insulator rated at 25 
kV. The siring efficiency can be maximum 
of 60%. The least number of insulators 
required in a string is 
(a) 10 (b) 9 

(c) 8 (d) 6 

866. In thermo-nuclear reactor the moderator 
substance that may be used is 

(a) U 238 ( b ) Cadmium carbide 

( c ) Graphite ( d ) None of the above 

867. Bundled conductors are used primarily to 

(a) increase current carrying capacity 

(b ) increase machanical strength 

(c) reduce corona effects 

(d) substitute multi-circuit lines 

868. Merz-Pricc system of protection is useful 
for 

(a) alternators 

(b) transformers 

(c) both alternators and Iran formers 

(d) neither alternator nor transformer 

869. Isolators are opened to disconnect lines 
only when they carry 

(a) no current 

(b) low current 

(c) rated current 

(i d ) fault or surge current 
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870. In a moving iron ammeter the restraining 
element develops torque proportional to 
0 2 , where 0 is the deflection of the pointer. 
The current read by the meter is then 
proportional to 

(«) e (b) 4T 

(c) e 2 (d) sin 0 

871. Two single-phase wattmeters are used to 
measure power in a balanced 3-phase cir¬ 
cuit. If one wattmeter reads negative, the 
power factor of the load would be 

(a) zero (b) less than 0.5 

(c) 0.5 (cl) more than 0.5 

872. An indicating instrument is said to be 

*-■ 

critically damped, if the pointer reaches 
the final steady position 

(a) sluggishly 

( b ) instantaneously 

(<:) through oscillatory motion 
(< d ) in the quickest possible time 

*873. A 11000/110 V potential transformer has 
a ratio error of -\%. Its actual ratio is 
(a) 99 (b) 99.99 

(c) 100.01 (d) 101 

874. The unit of luminous intensity is 

(a) lumen (b) candela 

(c) lux (d) candela/m 2 

875. For melting and refining of brass, the 
widely used furnace is 

(a) Resistance furnace 

(b) Arc furnace 

(c) Ajax Wyatt furnace 

(d) None of the above 

876. In electroplating, the choice of eletrodes 
is such that 

(a) Anode—article to be plated; 


Cathode—metal to be deposited 

( b) Anode—metal to be deposited; 
Cathode—article to be plated 

(c) Anode-article to be plated; 

Cathode—arbitrary 

(d) Anode—arbitrary; 

Cathode—article to be plated 

877. The method of electric braking in which 
the brake energy is not wasted, is 

(a) plugging 

(b) dynamic braking 

(c) regenerative braking 

(d) electro-megncLic clutch 

*878. The speed-time curve of an electric train 
running between two stations can be 
approximated to trapizoid, with accelera¬ 
tion spanning for 6 mts, deaccclaration 
for 4 mts, and the total travel time of 23 
mts. The peak speed of the train is 60 
km/hr. The distance between the station 
is 

(a) 10 km ( b ) 20 km 

(c) 25 km (d) 60 km 

* 

879. Which of the motors given belovy is a 
more suitable drive for lifts 

(a) DC shunt motor 

(b) DC series motor 

(c) Cage induction motor 

(d) Slip-ring induction motor 

880. Holes are drilled in the rotating disc of 
an energy meter for the purpose of 

(a) providing ventilation 

( b ) reducing the weight of the rotor 

(c) reducing the eddy current loss in the 
disc 

(d) prevent the creep 


/ 

A. Choose the Correct Answer : 

1. (a) ' *2. (b) 
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*845. (d) 
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*846. (a) 

*847. (c) 

848. (c) 

*851. ( b ) 

852. (b} 

853. (d) 

*856. id) 

857. ( b) 

858. (c) 

861. (a) 

*862. (c) 

863. (c) 

866. (c) 

867. (c) 

868. (c) 

871. (c) 

872. id) 

*873. (c) 

876. ( b) 

877. (c) 

*878. (b) 


[* Solutions—Comments are provided] 


849. ( b) 

*850. (a) 

854. (d) 

855. (c) 

859. (d) 

860. (a) 

*864. {d) 

*865. (b) 

869. (a) 

870. (c) 

874. ( b ) 

875. (c) 

879. (b) 

880. (d) 


69 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

*SOLUTIONS-COMMENTS 


2. No. of stator slots / pole = 96/6 = 16 
10 . X r = sX s = 0.01 x 2 x tt x 50 x 1 = nO.. 

17 . I w = 0.2 V2 x cos 45° = 0.2 A; 1^ = 0.2 V2 x sin 45° = 0.2A 


18 . T\Full bad 


kVA X p.f. 


W t , 

kVAx P f+ Tooo + 

3x0.8 


, AO 400 300 

3x0.8 + 7777 + 


W/_ 

1000 
= 96% 


1000 1000 

19. % x = V%Z 2 -%/? 2 = V25-9 = 4; 

Regulation = V R cos + V x sin <|> 
where V R = % drop df resistance 

V x = % drop of inductive resistance 
.\ Regulation = 3 x 0.8 + 4 x 0.6 = 2.4 + 1.6 = 4%. 

20. kVA a / 

2000 _ X x 250 

? Kx50 
50 


cos <j) = 0.8, sin ((> = 0.6 


23 . 


? = 2000x^ = 400 kVA. 
?'A. 



V 200 


= 2A 


100 


I a = 100 + 2 
= 102 A 

E g = 200 + 102 x 0.01 
= 201.02 V 


24. Torque in series motor, 

T a I 2 where I = load current" 
T = K.I 2 
20 = K.10 2 
T 2 = K.20 2 

M T 2 _ 20 2 j. 

(0 ^'20 10 2 
20 2 


T, = 


x 20 


12 " 10 2 
T 2 = 80 N-m. 

26. Opening of field means 

if = 0, so flux tends to zero 
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but Na) hence ‘N’ increases. 


I 


/o 


31. flco = — where / 0 — Resonant frequency 
Q — Quality factor 


32. v(f) = 20 sin 




314r + 


5 n 




i(/) = 10sin^314/ + yj 

Comparing two equations, 

. 2n 5n n 

Phase angle = — - — - — 

3 6 o 

(Phase angle is negative the p.f. of the circuit is lagging) 


p.f. = cos 


= 0.866 lag. 


33. Since the current coil of ‘W 2 ’ is reversed the reading of it should be taken as -2 kW. 
.\ Sum of two watt meters reading, i.e., 1 kW is the total power drawtj^by the circuit. 

34. q3 = 


1 


R W 0 CR 

i 

.-. R = 


W 0 CQ I0 6 x 10 x 10 -12 x 100 


= 10012 


, R 10 
36. co S * = -= ^ 


0 = COS -1 


2 


= 60° 


38. Flux in two coils aid each other inductance of the combination. 

L = L| + L) + 2M 
2500 = 1200 + 800 + 2M 
2M = 500 or M = 250 mH. 

39. e ~ B/fl sin 0 
e = B/ff = 1.5 x v l x 50= 75 V. 



40. Time constant of R.L. circuit = — 


L 
R 
S 
R 

R = 8Q. 


T = 
1 = 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE! 


42. Watt-hour efficiency = Amp— h efficiency x 

= 0.8x|4=60% 

1.6 

44. Q = CV = C = ^ = ^ = 0.05 farads 

46. Equivalent Capacitance, 

Cl C 2 3x9 


Avg. discharge voltage 

Avg. charge voltage 


3MF 


C = 


12 



c, + c 2 

= 2.25 pF 

Q = CV = 2.25 x 300 
= 675 pC. 

47. Energy stated in a capacitor = ^ CV 2 

=-jx 100 x 10- 12 x (50) 2 
= 1.25 x 10 -7 J. 

51. Load factor can be found only if Avg. load and maximum load are known. 

64. Since rays are parallel to the plane as shown in Fig. QB-15 the illumination is zero. 


/ 

V 
/ 
X 
/ 
X 

✓ 
✓ 

A 


t 

Roys 


\ 

Plane 


Fig. QB-15. 


96. R t = — Rffl 


I = max. value of amps, after shunting, 

I m = full scale deflection of meter, 

R^ = meter resistance, and 

R v = shunt resistance to be connected to extend the range. 

R =--- - x 1000 = 0.05 ohms. 

v 1 - 50 x 1O^ 6 


102 . 


R.M.S. Value = 


a OT 5 

= = Maximum value of E m = 5 Volts. 




105. Impedence, Z = 3 + i4 = V9 + 16 = 5 
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Y = «-ii. ;s = ^ = ^ = 0.12IJ 


Correct answer is 0.12 - i 0.16. 


114. 


V, = 2300; V 2 > 230; R, = 0.65a, R 2 = 0.0035Q 
V 2_ 230 _ 1 
V, 2300 10’ 

Equivalent resistance referred to secondary, Rq 2 = R 2 + K 2 R|. 


R 02 “ 0.0035 + 
Rq2 ~ 0.01Q. 


n f 

10 


(0.65) 


133. Illumination = - —• - => 6 = ^ => C.P. = 6 x 5 2 = l 50. 

Distance 2 5 2 

190. In general about 20% of voltage is required to get full load current. 

201. CT ratio is '400/5 

T Rated relay current is 5A. 

If the relay selfing is 50%, the relay will operate for = 5 x = 2.5 A 
In the given case fault current is 2000 A. 

By C.T. rated plug setting is kept 10 times the relay operating current. 


241. Voltage across inductor V L = V.Q. 

where ‘V’ is the rms value of applied voltage and 
‘Q’ factor of the coil 


Given V.„ = 20 V, 


Wr.L 


= Q= 10 


V L = 


20 ^ 


,n 200 

xl° = ^V. 


246. Given critical resistance = 300 ohms at 800 rpm. 

For generator, Eg a N 

So the critical field resistance also increases slightly with speed. 



1000 

800 


x 300 = 375 Q 


257. Operating time of the relay = curreijt setting x time multiplier 

= 4 x 1.0 = 4 sec. 

259. All resistances in ohms. Convert ABC delta to star as shown in Fig. QB-16. 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 



3x3 
3 + 3 + 3 


= 



r av = 1 + frf =l + 1=2a 


260. Because same current passes through thte lamps, power developed will be more for 100 watts 
bulb because it has more resistance; so bulb of 100 watts will glow more bright. 

261. P = 1000 W => I 2 R = 1000 
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5 2 R = 1000 => R = = 40 Q (or) Z = V/L = ^ = 40 Q. 

263. f r - frequency of induced e.m.f. in rotor 
f r -s.f where s = slip 

/ = supply frequency in Hz 
1500-1440 60 


Where s = 


N,-N 

N, 1500 ~ 1500 


rpm 


, . VT 120/ 120 x 50 

but N. = —■*- =---= 1500 

p 4 

(Given data : / = 50 Hz, P = 4, N = 1440 rpm) 
60 


••/r = 


1500 


x 50 = 2 Hz 


264 - K 2 1st = I 


60 

100 


x50= 18 A 


265. Since speed is reduced to 1200 rpm, therefore, 
generated e.m.f. of the alternator also decreases. 

4 
: 5 


E g 2 1200 




1500 


E gl is 80% of E g i 

Current also, reduces by 80%, i.e., 40 amps. 
268. Scheduled speed = = 10 m/s 


Scheduled speed = 


60x 10 
Distance between stations 
T + r r 


(where T = actual time of run; i s = stopping time) 
1 x 1000 
■*' 1 " T + 20 
or T = 80 sec. 

271. Line current is —j 5\3 A, Phase Current is - j5 

272. 


loon,. 

Ji/vwwyAr 


500. 

-WVVNAV 1 


ion. 

Ayww>r 




R R 


1 1 


_L 1 13 

100 + 50 + 10 100 


10 ( 
100 


R = i- e -> * ess than 10 Q. 


Fig. QB-19. 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


273. 


A- o 


B O 



== 3 


Fig. QB-20. 

Since Pan loops ABCD are in fences 

Circuit reduces to as shown in Fig. QB-21. 



Fig. QB-21. 

275. Z = VR 2 + (X L - X c ) 2 = V5 2 + 5 2 = 5V2Q 
y V I00/V2 100 

I= z = _ 572 _ ‘7r772T5 =l0A 


276. 7 = (ID +m (10 -/!'» 

I0+./I0 + 10-/10 
100+100 200 


Z,= 


Z1Z2 


Z l +Z 2 


20 


20 


= ion. 


278. Rq, = total resistance referred to priVnary. 

Ro, = R, + R 2 /K 2 
where Rj — Primary resistance 
R 2 — Secondary resistance 
K — Transformation ratio 
Given R, = 2.1 £2, R 2 = 0.02 £2, K = 1/10 

Rq, = 2.1 + °° 2 

X)1 ( 1 / 10) 2 

280. At max. efficiency iron losses and cu-losses are equal. 
Wj = W (j( 

Given w“ + W ( . w = 400 W 
.-. 2 x W (:H = 400 


= 4.1 n. 
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W cu = 200 watts. This is full load Cu. loss, but at half load the copper-losses are 

W c« 200 t( 

— 7 — = —— =■ 50 watts. 

4 4 

281. L, + L 2 + 2 M = 2 + 4 + 2 x 2 = 10 H 


282. 


200 . 



r, = —.L 50 = ion 


500 


300 


100 

R _ 20 x 30 
R,- 10Q -60 

r _ .30 x 50 . 

R ’ " 100 " 15 “- 


Fig. QB-22. 

286. V m , = 100 V2 x 4- = 100 V 




1.IB. 


A. 


*rms ~ ^2 ■ 

4 > = 60° ( 120 ° - 60°) 


P = V mw . I„,„ cos <(> = 100 x x cos 60° = 125 V2 W. 
288. Since circuit is in resonance 

Max. energy stored = — . LI 2 = — x 1x10x10 = 50 J. 

298. Let x = Cu. loss, y = iron loss 

equation ( 1 ) — holds good at full load 
equation ( 2 ) — holds good at half full load 


Max. efficiency at full load : kVA x 

1250 = * + y 

500 = 7 + y 
4 




(i* 

( 2 ) 


On solving, we get x = 1000 W, y = 250 W. 

301. Here iron loss = 1 kW 
Copper loss = 2 kW 

A rw~ , 

kVA at max. eff. = kVA \ rr 7 —; Max. q occurs at 777 x 100 = 70.7% of lull load. 

W cu 

303. % Regulation = 

Voltage drop = X 200 = 16 V 
Primary must be operated with average of 400 + 16 = 416 V. 
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306. f r = sf\ where s = slip, /= supply frequency in Hz 
f r = motor induced current frequency 
= sxf 


S = ■ 


N,-N 


mT 120 x/ 120x50 

VT x 100; N =- J - = ---= 1000 rpm 

N, P 6 

_ 1PQQ x ioo = o 5 
1000 

sf = 0.5 x 50 = 25 Hz. 

326. Because for a hot wire instrument reading is independent of frequency and shape of the wave 


form to be measured. 
r>7 • _ 10 1 a 

327 ‘ 'l-30 - 3 A 
10 1 . 

' 2 30 3 A 

Tqke VA across ABCA 

-t',, x 20 - V + 1 2 x 10 = 0 

-^x20-V + ^x 10 = 0 

,v =f v. 


B 



V V 
341. I = 77 = - 7 - = 


345. 


Z X c \/2nfC 

f* = s f- s = — = — 

1 h 50 20 

.'. N = N. (1 - s) = 


= V x 2rtyC = 250 x 2 x 3.14 x 50 x ^ = 250 A 


120 x 50 (. __1 
6 20 


= 50 x 19 = 950 rpm. 


352. Method 1 : Let ‘R’ ohms be connected. The current now is doubled, i.e., total resistance is 
reduced to half the value. Hence ‘R’ is 10 Q.. 



10A 


Method 2 : When 10 Q is only in the ckt; I = 10 A 
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When .‘R’ is connected across 10f2, I = 20 A (from data) 

1 OR 1OR 

New resistance = ———; 100 = 20 . ——— R = 1QQ. 

1 I0 + R I0-t-R 

353. Min or total value of resistance reduces when connected in parallel. 

354. Given problem : 



First reduce the inner star to delta 
Ckt. becomes 

The value of star ckt. lxl + ix) + lxl=3Q 



4a 



2 it 


361. Load factor = 


Average load 


Energy produced in kWh _ 

Maximum Demand Max. Demand x Period of oper. hours 
Given, Energy produced in kWh = 16,000 x 10 3 kWh 
Max. Demand = 8,000 kWh 
Load factor = 0.5 , 

16000 xlO 3 „ 2 x 10 3 


0.5 = 


8000 x T 


or T = 


0.5 


= 4000 hrs. 


364. % Regulation of line = — cos (j) + — sin<|> 

V = receiving end voltage; I = load current; cos 4> = p.f. 
Given : V = 33 kV, R = 4Q, I = 132 A, X = 10a 
cos <j) = 1, sin <j> = 0 
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« - P IR , 132x4 

% Re « = V c “ ♦ = mTTooo 


x I = ■ 


16 

1000 


x KM) = 1.6% 


374. Iron loss, W, = 120 W 

Full load cu loss. W r(( = 200 W 

‘W,’ remains constant irrespective of load of the transformer. 
But W,.„ at half full load = x 200 = 50 W 

C U ^ 


W,. ( 

Total losses at full load = W + —— 

1 4 


= 120 + 50 = 170 W. 


375. When total resistance is referred to primary, 

R 2 (R 2 is resistance transferred to primary from secondary ) 


Rqi - R i 


R 2 

= R| + K 2 


V, 


Given R, = If2. Ri = 0.05Q, — = 


l 


^ _ 1 _K — O 1 

2200 “ 10 ’ 


r ()I = . + 

01 ( 0 . 1) 2 


= I + 5 = 6 Q. 


s.o.v. across the string 


378. String efficiency, ti = —— _ , . , 

No. oi discs x s.o.v. across each insulator 

Given r| = 0.9; s.o.v. across the string = 36 kV; no. of discs = 4 

36x103 


0.9 = 


4 x s.o.v. of each insulator 


„ . , 36x I0 3 trt ,,, 

S.O.V. ol each insulator - ———- = 10 kV. 


4 x 0.9 


383. M.S.C.P. = 


Total l umens 
4k 


386. Here L, = 1000 mh, L> = 200 mh; M = 50 mh 
L eq = L, + L 2 + 2M = 300 + 100 = 400 mh. 

442. Change in frequency causes no change in impedance as resistance 
is independent of frequency, and X L and X c are proportional 
directly and indirectly to frequency f respectively 

i.e., X L a /; X c a * 


-— 

600 A 


0.005*1. 

'*VVWV\|— 


f 


i'ii’. on-27. 


443. V R = 600 x 0.005 
= 3V 

3 0.005 x R 

300 " 0.005 + R 
R = 0.01 a 


„ 300A 
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44 4. L + L + 2M = 600 mH, L + L - 2M = 0 

t' »* M 

=> L = M, K = 


VT.T 


= i 


445. By replacing current source (I,) and .parallel resistance 
(R,) as voltage source V, (= I ? R ( ) in series with resis¬ 
tance R ( . 

At max. power, 


Circuit Resistance = Load Resistance 

i.e., 

j 

& 

n 

ttf 




Ri 


446. I = 


10 


5 + 

= 1.5 A 


2.5x5 


5 + 2.5 




J 


I ' a, ' 5 X 5Tl5 


448. C = 


= 1A>- 
1 


Fig. QB-29. 

1 5a i. 

:t 5A 

; 2-50J 


2nJX c 2rt x 50 x 31.83 


= 100 [if (given, X c = X L ) 


Fig. QB-30. 


450. Above / 0 , X L is dominating, i.e., p.f. is lag and below/ 0 , X c is dominating, /.<?., p.f. is lead. 

451. v R = Vv 2 - -or n >yy> — i 

= Vl0 2 -8 2 ** -8 V — 1 

= 6V 

1 = 6 / 1 = 6 A. ♦ 1 0V_ 

452. By comparing with, e = E max sin (2nft + 0), Fig- QB-31. 

2nf = 377.14 =>/= 60 Hz. 

y2 100 2 

453. Resistance of each bulb = — = = 200 Q. When connected in series R e ff ect j V e = 400 £2 

Power = = 25 w - 
400 


456. Gain = 10 log l0 10,000 db. = 10 log , 0 10 4 = 40 log}o = 40 db. ( v log"= 1) 

457. Reduction factor = V2 1/n_1 
where n = no. of stages 

Here n = 3, reduction factor = V2 17 " 3 - 1 = 0.51 
.\ Band width = 0.51 x 800 kHz 
= 408 kHz. 

462.. A = 100, p = 0.1 

100 

Af = A/(i + PA) = (j + 0 .| x 100 ) = 909 
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ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 


465. 

466. 

468. 

470. 

471. 

473. 

474. 

475. 


Phase difference between current and voltage = 90° means circuit is purely inductive. 
/. Power consumed by pure inductive circuit is ‘zero’. 

€ 0 e r A ^ C,X A 2 X<i| 

C - ; c 2 - 


d 2 x A, 


Cx2Axd 


= 4C 


d/2xA 

v It is Non-magnetic material so \i r = 1. 

„ (bZNP K7 100x60x6 
E„ = — =$• N = 


« 60 o ^ *' 0.01 x 1200 x 6 

= 500 rpm. 

as N a E^/4). 

E = L => I = - - 20 —- = 2000 A. 

T c 0.01 x 10 -3 x 2 

Condition for build up voltage or to retain residual magnetism is Rc > R.v/i 

At T| max => constant losses = cu loss 
Cu loss at 3/4th load = 900 W 


Cu loss at full load = 


v 3 y 


x 900 = 1600 W. 


476. Because series field winding would rise to its full-value before the shunt field. 

477. 


-51 = 0.0! Q 


I = 


105 


__1.5 

R + r " 5 + 0.01 - 5.01 


478. 

481. 

482. 


v No water formation during charging and discharge. 

K = 0.25, i.e., H.V. is primary and L.V. is secondary. 

R 01 = R, + R 2 /K 2 = 8 + l/(0.25) 2 = 24£1 

Power transformed conductively = K x input = 0.6 x 100 = 60 kW. ( v K = V 2 /V ( = 0.6) 
Since Faraday’s law is not valid as the rate of change of flux is zero. 

Slip with respect to backward = 2 - s = 2 - 0.05 = 1.95 


489. N = — ° * — = 1200 rpm 
6 

191. N r = motor speed, / = 4 x = 60 Hz 


502. 


Nr = (] _ S) iM =(1 _ 0 . 05) (120p) = 1140 . 

To control chain reaction control rods are used. Boron, cadmium, hafnium are used for this 

purpose. 
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508. Moderator is used to reduced the speed of neutrons. The common materials are Graphite, 
Heavy water, Beryllium (with natural uranium) and ordinary water (with enriched uranium). 

, IR cos <b R +1 x sin <1> R 

515. % Reg =-— R v -—x 100 

R 

V R = llOOO/V'T; R = negligible, 

X = 10£1, cos <|> = 0.8 sin <j> =,0.6 

... % Res = iMiOOiMx 100 = 18%. 


518. String ti = 


11000V3 
voltage across string 


no. of units x voltage across line unit 


66.7 


Voltage across string = — -rp- x 3 x 16 = 32 kV. 

llMJ 

„ s 2 -s, 1 ^- 1 ? 

519. S a I 2 , ■ ■ —- x 100 = ■» xlOO 


M 


1 


(1.Ill,) 2 -If 

- \ - L x 100 = 21%. 

IT 


523. Zero sequence component I 0 

= J Pit + Iy + I B 1 

= | [(8 + j 12) + (4 -;18) + (3 +! /6)] = 5A 

526. V* = I(Rg + R je ) 

500 = 10 x IO- 3 (50 + R se ) 
son 

=> R„ = , -50 = 49,950 ft. 


* " iax 10- 3 


20 


532. Energy consumption = 9 x 120 x — = 360 Wh. 

540. W,- = W; + W fc and W* a/, W e a/ 

At 50 Hz, W e = = 50 W. 

50 a 50, 50 a (50) 2 

At 100 Hz, W* a 100; W e a (100) 2 

. W A _ 100 w e _ (100) 2 
” 50 50’ 50 (50) 2 

W h = 100 W, We = 200 W 
W, = 200 + 100 = 300 W. 

566. Rate of changing of current, ^ = 0.1 A/s, 

e.m.f. e = L x 10V. => L = jj- = 100 H. 


r7\ 


Silt 


sc 




750V 


Fig. QB-32. 
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568. L, = 100 mH; L 2 = 64 mH; K = 0.9; M = ? 

K = => M = KVEjLj = 0.9 x V6400 = 72 mH. 

571. R = 10 £2; L = 5 H; C = 5 F. 

Resonant frequency in rad/s, (2 itj) = - = 0.2 rad/s. 

572. R = 3 £2; X L = 8£2; X c = 4£2. 
x = x L -x^ = 8 - 4 = 4£2. 

Z = VR 2 + X 2 = V3 2 + 4 2 = 5 £2 
R 3 

Power factor cos 4> = — = - = 0.6 lag (v X L > Xc). 

574. kW = 80; kVAR = 60; 


kVA = V(kW ) 2 + (kVAR ) 2 = V802 + 60 2 = 100 kVA. 


577. a.c. V max = 100 V 


2V, 


m 2 X 100 


= 63.6 V. 


Average d.c. voltage, =-= — 

JC 7C 

581. C, = C F, P, = \ C,V 2 = ± CV 2 
When capacitance is doubled. - 2C 
P 2 = | x 2CV 2 = CV 2 P 2 = 2P|. 

582. Electric field inside a charged conducting sphere is zero. 
585. Total charge enclosed by sphere, Q = + 3- l=2C 

Lines of force = ^ 2 = 2.26 x 10 11 . 

£o 8.854 x 10" 12 

596. Full scale deflection, I g = 10 mA. 

_ V 100 x 10-3 

10x10-3 " 10Q 

I = 100 A 

R -IA-J0QxJ0±_ 0001 Q 

R ^"l-I g '(l00 -0.01)" a001 “• 

597. Load power = 220 x 20 x 0.6 = 2640 watts. 



«o 

o 

II 

UL 

ol 


Fig QjR^ntoaded Froni: www.EasyEngineering.net 
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V 2 (220 ) 2 

Power loss in pressure coil resistance = — = ^qqq = 8.066 watts. 
8.066 


%e " Or= 26jM66 ><100 = 0 ' 305% ' 

598. Revolution per kWh = 100 revolutions. 
Energy consumed by load in an hour = 


230 x 40 x 0.4 x 1 
1000 


- 3.65 kWh. 


For 3.68 kWh, the number of revolutions made by disc = 3.68 x 100 = 368. 

603. Rating of lamps in watts = 230 x 22 = 506 watts 

Efficiency, t| = = 15.81 lumens/watt. 

506 

609. The speed of the motor will be approximately proportional to the applied voltage. 

610. Torque will be maximum when 

R 2 0 3 

R 2 = 5 X 2 =** = ^ = ^ = 0.25 
XT 120x50 

N ? =-—-= 1500 r.p.m. 

N,. = N, (1 - s) = 1500 (1 - 0.25) = 1125 r.p.m. 

613. S = 3 km; V 5 = 43.5 kmph. 

,, , 43.5x 1000 , 

Schedule speed = — „„ —= 12.083 m/s 


Schedule speed = 
12.083 = 


60x60 

_ Distance between stations _ 

Actual time of run (T) + stopping time (/) 
3 x 1000 


T + 30 
T = 218.8 s. 

628. I 2 = 50A; V, = 200 V; V 2 = 100 V. 


V 2 J\ 

i 


'' = io x50 = 25 A - 


629. K = 7 = 0.25, R 2 = 1 Q. 
4 1 


1^2 | 

Secondary resistance as referred to the primary, R 2 ' = ^ = 2 


= 16 Q. 


631. Full load Cu. loss = 100 watts. 


Cu. loss at 7 th full load = 
4 


1Y- 


4 

y 


x 100 = 6.25 watts. 


XT 120 / 120x50 VT ... A 

635. N s = —^- = ---= 1500 r.p.m.; N,. = 1440 r.p.m. 

N t -N, 1500- 1440 

% slip = ——~ x 100 = x 100 = 4%. 


N, 


1500 
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636. The starting of an induction motor with star-delta starting is jrd that of starting torque of 

300 

motor when started by direct switching, i.e., T = —— = 100 N-m. 

, M ' _ , • Distance between stations 1 ■ 1 , 

652. Avg. Speed = — -—---—— = — => — hours 

Actual time of run (T) T 36 

„ , , . „ , Distance between stations 

Schedule Speed =- 


T + /. 


30 = 


1 


36 + * s 

30 1 

— + 30 t s = 1 or 30 t s = — 


*, = 


1 


6 x 30 

655. M.S.C.P. = Total fluxAta. 
200 200 


hours = 20 sec. 


656. E = 


3 2 9-' 


689. V = i^ 


712. P m = (1 ‘-s) P, = 


1 - 




10 

100 


100 = 90 kW. 


) 


- 1A , 60 V3" 1.732 no£A 

716. k c = cos — = — = —-— = 0.866. 

725. VI = Volt - amp. (cos <)> = 0.8; sin <|> = 0.6) 

U.o 

VARS = VI. sin 4 = ~^x0.6 = 150 VARS. 

U.o 


728. 


0.5 


Fig. QB-3S. 




n/n/rni 

Fig. QB-34. 


730. R x 1.0 = 4 x 1.5 = 6.0 Q. 

A 



Since AD’ cunent is zero, the bridge is balanced. 
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736. 100 - 10- 3 x R +100 x 10~ 3 
.-. R = 99.99 k12 

740. R,- = h ie + (1 + h fe ) R e 

= 1000 + (1 + 99) 100 = 11 k!2. 

741. Power consumption in star will be ^ value of power consumption in delta for same value of 


load. 


742. W 2 = 2W ); <J) = tan- 1 VT 


W,-W 2 


W, +W, 

i ij 


<f> = tan -1 VT 


fW] - 2Wj) 


= tan -1 


NT 


W, +2W, 
1 1 

\ 


= 30° (lead) 


/. p.f. = cos <}> = cos 30° = 0.866 (lead). 

752. Rj = 1.0 12, Rq, = 1.8 12; 

K = 200/400 = 1/2 = 0.5 
R 01 = R, + R 2 /K 2 


1.8 = 1 + 


755. «.= 


(0.5) 2 (0.5)2 

R 2 = 0.25 x 0.8 = 0.2 12. 

0.8 x2.5 x 10 3 


= 1.8 - 1 = 0.8 


0.8 x 2.5 x 10 3 + 65 + 135 

760. N = 975 rpm, 

120f = 1202<50 = 1000 

s p 6 

N.-N 1000-975 
S = ,, = = 2.5%. 


= 90.91% 


N, 


1000 


763. Inductance/conductor/km = 2 x 10 -4 In 

r-. 

Inductance reactance/conductor/km. 

= 2n x 50 x 2 x 10 -4 In 
« 

= 0.063 In 


fD 3 

m 


\ 

L, m 


d s 
s J 


d s 


114. Distance between stops, S = 1 km 
V a = 36 kmph, V s = 30 kmph 

v. = | =» f => T = ^ hours. 
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V. = ~-—- 

15 T + stop time 

=> Stop time = — - T 

' s 


11 1 u 

= 3r^ = 780 ho " rs - 

= 20 sec. 


776. C 12 = = X ^ 

12 6pF + 10jlF 4 p 

Q = C 12 V = |xF x 200 = 750 |iC. 


C2*10>UF 

a a - 

200V 

- e o- - 


781. C] 2 = 2.6 |iF 
c l c 2 


Fig. QB-37. 


c ‘ 2 ~'c x +c 2 


2.5 (J.F = 


3 HF x C 2 
3 pF + C 2 


C 2 = 15 pF. 


784. Rotor Cu. loss/phase •= s x rotor input 

= 33% x 80 kW 
= 2.64 kW. 

787. Torque with auto-transformer = k? x torque with direct switching; /: = 50% = 0.5 
Torque with auto-transformer = (0.5) 2 x 320 = 80 Nm. 

807. R = f = « = 400a 

821. E = 4 x 1.5 = 6 V 
nr = 4 x 1 = 4 £2 
R = 2.0 Q, 

E 6 


I = 


R + nr 4 + 2 


= 1 A. 


1.5 V 1.5V 1.5V 1.5V 

—IH HH *~” 


'I 


2.0 a. 

Fig. QB-38. 


824. f r = sf or ^ = *x50 

%j = -^x^-x 100=4%. 

DU jU 

826. Roloro a P“l = l - J . 

Rotor input 

841. V. = L . ^ = 70xl0- 3 x20= 1.4V 

L dt 

842. Because it is a secondary cell. 

W.-W 2 ) 

843 - tan <(> = — — ‘ — — , where W x — Watt meter reading 


W 1+ W 2 


W 2 — Watt meter reading 
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at 0 = 


Wj = W 2 , i.e., at p.f. unity. 


844. Because at resonant conditions the net reactance (/>., inductive and capacitive reactance) is 

V V 

zero, so that the impedance of the circuit is equal to the resistance. So current I = — = ^ is 

R R 

maximum and power factor = — = — = 1 

Z K 

845. Copper loss is equal to the Iron (core) loss. 

846. There is no angular (phase) displacement between primary and secondary voltages. 

847. Rotor frequency = Slip x supply frequency. 

850. The form factor is defined as the ratio of the R.M.S. value to the average value. 

851. 7 _^ 1^2 _(3 +j‘3) (3 -j3) j 

** " Zj+Z 2 " 3+;3 + 3-;3 
IZI = 3£2, and p.f. is. cos 0° = unity. 

856. E a fa E = K.^ 

360 = K. 60 x 3.6 ...(1) 

E = K. 40 x 2.4 ...(2) 

m E 40x2.4 L 
(1) ^ 360 - 60 x 3.6 160 V ' 

862. Load factor = AyS- i oa ^ 

Maximum load , 

Maximum load = ^ = 150 MW. 

Average load = Load factor x maximum load 
= 0.6 x 150 = 90 MW. 

864. % Regulation = 6 x 0.8 + 8 x 0.6 = 4.8 + 4.8 = 9.6%. 

ggg.__ Flash over voltage across the strip _ 

n x Flash over voltage across the last insulator near the conductor 
132 


( 4 > « y) 


No. of insulators = 


0.6 x 25 


= 8.8 « 9. 


878. D = 


m 


3600 


hl + ‘2 + '3 


V m = speed in kmph 

= acceleration time in sec 

t 2 = coasting time in sec. 
r 3 = retarding time in sec. 
t 2 = T - (f j + r 3 ) = 25 - (6 + 4) = 15 sec, 
60x60 


D = 


3600 


|x6+15 + ^x4 
2 2 


= 20 km. 
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B. Fill in the blanks : 

1. The energy stored in a capacitance of ‘C’ 
farads with an applied voltage of ‘V’ volts 
is . 

,*2. The current in the 9 ohm resistor of the 
circuit shown below is . amps. 


V s =3V 



erator, the series field flux . shunt 

field flux.. 

14. Compensating windings are used in series 

with the armature of a d.c. machine in 
order to . 

15. The number of positive plates in a secon¬ 
dary lead acid cell is always . than 

the number of negative plates. 

| s2 A i(g B Th e colour of the positive plate of a fully 
charged lead acid cell is . 


Fig . QB-39. 

*3. The cold resistance of a 100 watt,, 200 


volt incandescent bulb is .. ohms. 

4. In N-type semiconductor .. are the 

minority carriers. 


*5. A 100 volt mains supply is connected to 
a single phase bridge rectifier. The d.c. 
output voltage is . 

*6. The current and voltage in a single phase 
a.c. circuit are 3 - j4 amps and 100 - j 
50 volts respectively. The real power is 
. watts. 

7. A crystal oscillator is used when . 

frequency is desired. 

8. An a.c. single phase circuit has an induc¬ 
tive reactance of 12 ohms in series with 
a pure resistance of R ohms across a 100 
volt supply. The value of ‘R’ for maxi¬ 


mum power in the circuit is.ohms. 

9. The resonant frequency ‘// of a series 
R-L- C circuit is given by/ r =.Hz. 


10. Shunt generators are most suited for stable 
parallel operation because of their voltage 
characteristics. 

11. The.generator has the poorest volt¬ 

age regulation. 

12. It is possible to increase the field flux and 
at the same time ^increase the speed of a 

d.c. shunt motor provided its . is 

held constant. 

13. In a cumulatively compounded d.c. gen- 


*17. The maximum efficiency of a transformer 

is 98 %. Its iron losses are. percent 

of the input. 

18. In a step up transformer, the secondary 

current is.than the primary current. 

19. The voltage applied to high voltage side 
of a transformer during short circuit test 
is 2% of its rated voltage. The core losses 

will be . percent of the rated core 

loss. 

20. Two single phase transformers ‘A’ and 

‘B’ operating in parallel share a total load 
in the. ratio of their impedances. 

*21. An autotransformer supplies a load of 5 
kW at 120 volts at unity power factor. If 
the primary Voltage is 240 volts, the 

power transferred inductively is . 

kW. 

22. The type of magnetic Held produced in a 

single phase induction motor is . in 

nature. 

*23. The rotor of a three phase induction motor 
has an impedance of 0.4 + j 4 ohm per 
phase at standstill. The maximum torque 
occurs at a slip of. percent. 

*24. A three phase induction motor has a 
synchronous speed of 1500 r.p.m. The 
machine runs at 1460 r.p.m. at a particular 
load. The slip at this load is.percent. 

25. In the star delta starting of a three phase 
induction motor, the line current for star 

connection is . of its value when in 

delta. 
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26. 

*27. 

*28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


*40. 


The process of connecting two alternators 
in parallel is called . 

An alternator has 18 slots per pole and a 
coil span of 15 slots. The pitch factor for 
the third harmonic is . 

The voltage regulation of an alternator 
having 0.75 power factor leading, with a 
no load induced e.m.f. of 2400 volts and 
rated terminal voltage of 3000 volts is 
.percent. 

The synchronous impedance method of a 
determining regulation of a three phase 
alternator is called a pessimistic method 

because it gives value of regulation. 

the actual. 

Crawling of an induction motor normally 
occurs at about.of full load speed. 

In the cycle of a steam power plant, major 
heat loss occurs in . 

The.turbine is used for high head 

hydro electric power plants. 

Water hammer in penstocks is prevented 
by using. 

Draft tube is used in .turbine. 


A pressure water nuclear reactor uses 
. as a fuel. 

For a given voltage and current, regulation 

of a line . with decrease of power 

factor at lagging loads. 

The- higher the transmission voltage, the 
.will be the transmission line losses. 


Grading rings are used for.voltage 

distribution across the units of a suspen¬ 
sion insulator string. 


Short circuit currents on a power system 
can be kept within safe limits by using 


V 


For the same maximum voltage between 
conductors, the ratio of copper required 
for a two wire d.c. system to a three- 
phase 3 wire system of the same length 
and transmitting the same power at power 


factor cos<i> is . 

41. The value of demand factor is.than 

unity. 

42. Impulse ratio of a rod gap is defined as 

43. Directional overcurrent relays are used for 

the protection of. 

44. A moving iron instrument records higher 

current with falling current than with 
rising current due to . 

45. In instruments with weak magnetic fields 
. damping is used. 

46. Electrolytic precipitators are extensively 

used in the removal of.from electric 

utility boiler emissions. 

47. During single line to ground faults, the 

voltage of healthy lines to earth increases 
to . times the normal value in sys¬ 

tems with insulated neutral. 

48. Two part tariff charges Rs. l x ’ per. 

and paise per.. 

*49. A 200 V single phase energy meter has 
a constant current of 5 amps, at unity 
power factor passing through it for 5 
hours. In this time, the disk makes 1000 
revolutions. The metre constant is . 

50. By selecting a suitable.it is possible 

to have a flourescent lamp emitting pink 
colour light. 

*51. 20 lamps each rated 500 watts with a 
luminous efficiency of 15 lumens per 
watt, depreciation factor of 0.7, coefficient 
of utilization 0.5 give on a working plane 
of 15 m x 35 m an illumination of. 

52. The electrodes used in arc lamps are made 
of. 

53.:... heating is used to direct the heat 

at an object and heat it as in the case of 
relieving muscular pain of a human body. 

54. The resistance material for electric heating 

is an alloy containing . 

55. The type of resistance welding used for 
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joining two sheets of metal is . 

56. The unit ior specific energy consumption 

of an electric train is . 

57. Between the mechanical and electric brak¬ 
ing of an electric train at the last stage of 
braking, />., just before slopping, only 
. braking is used. 

58. The period during which the supply is cut 
off and the electric train is allowed to run 
due to its own kinetic energy is called 


59. In traction systems, when series motors 

have run uplo the required speed, a further 
increase by 15 to 20% can be obtained 
by . 

60. The highest transmission voltage (a.c.) 

available in India today is . 

61. The surge impedance of a lines is T’. If 
the line to line voltage at the load is k \T 
the surge impedance loading of the line 

is . 

62. In a lead acid celi. the electrolyte used is 


63. A battery is charged at 5 amps for 2 hrs 

and discharged at 4 amps in 9 hrs; the 
ampere-hour efficiency is . %. 

64. The mechanical power developed in a d.c. 

motor is a maximum when the cmf is 
equal to . 

*65. In a transformer the total lull load losses 
are 100 W and the total losses at half load 
are 50 W. The iron losses are.watts, 

*66. In a 3-phase induction motor the rotor 
copper losses are 500 watts. The slip is 
4%. The rotor power input is .... kilowatts. 

67. The number of rotor and stator slots in 

an induction motor are equal. When con¬ 
nected to supply the motor does not 
start .The phenomenon is called . 

68. The per unit value of an impedance is the 

ratio of the actual value of the impedance 
in ohms.and the . impedance 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE, 

69. The maximum mechanical power 

developed by a synchronous motor 
operating on a supply voltage of V volts 
per phase and having a resistance per 
phase of R ohms is . 

70. Load factor is defined as the ratio of the 

average load and . 

71. A stringing chart is used for finding. 

in a transmission line. 

72. Amortisseur windings are used in 

synchronous machines to prevent . 

73. Impulse ratio is the ratio of. 

74. In railway traction where speed uplo 170 
kmph and current uplo 2000 ampere are 
encountered, the current collection is done 

by. 

75. A lightning arrester consists essentially of 

divided spark gap in scries with a resis¬ 
tance element having . 

*76. A 0-2 mA instrument has a resistance of 
20 ohms. The value ol resistance neces¬ 
sary to convert it into 10 V voltmeter is 


77. The adjustment of the position of shading 
bands in an energy meter, is done to 
provide . 

*78. The speed of a 50 Hz. three phase induc¬ 
tion motor under full load condition is 
725 rpm. The number of poles of the 
motor are . 

79. A transistor amplifier has a mid band 
power gain of 50 dB. Al hall power 
frequency the gain is . 

*80. The per unit impedance of a transmission 
line on a 50 MVA. 132 kV base is 0.5 
The per unit impedance on 100 MVA base 
will be . 

81. Al the time of starting of a 3-phase in¬ 
duction motor by star della starter, the 

starling current ts reduced hy . ol 

direct switching value. 

*82. In a 3-phase induction motor maximum 
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torque occurs at a slip of 3%. If the rotor 
. resistance is 0.13 ohms the value of rotor 
’ reactance is . 

8i The human eye is most sensitive to light 
having wave length of. 

84. In electric arc furnaces.are used to 

stabilize the arc and act as a safety device. 

*85. The voltage and current in a circuit are 
given by phasors (50 - j 6) V and (0.866 
+ / 0.5) A: The active power consumed 
by the circuit is . 

86. The most commonly preferred configura¬ 

tion of transistor in the amplifier circuits 
is . configuration. 

87. In a transistor the ratios a (collector, cur- 

rent/emitter current) and p (collector cur- 
rent/base current) are related by . 

*88. The plate resistance of a triode valve is 
20 kQ and its amplification factor is 100. 
The mutual conductance is . 

89. A full wave rectifier feeds a pure resis¬ 
tance load. The average value and r.m.s. 
value of the output voltage are V, and 
V 2 respectively. The ripple factors of the 
current is . 

*90. A single phase transformer has a resis¬ 
tance of 2% and an impedance of 10%. 
The maximum regulation of the trans¬ 
former is . C /( . 

*91. A storage battery has an open circuit 
voltage of 2.2 volts when a resistance of 
0.2 ohms is connected across it, the Volt¬ 
age is 2 volts. The internal resistance of 
the battery is . 

92. The speed at which a turbine will run to 
develop 1 hp under a head of 1 meter is 
called . 

*93. Sumpncr’s test on transformer is con¬ 
ducted mainly to determine the . 

94. The cumulative flow of water into a reser¬ 
voir plotted against time is called .. 

*95. The capacitance of a condenser is varying 


93 

from zero to 2 microfarad in I sec linearly. 
If the voltage applied to it is 6 V the 
energy stored in 0.5 sec in the condenser 

is . 

96. In a simplex progressive lap winding of 
a d.c. machine the relation between from 
pitch, Y, the number of conductors Z and 
the poles P is . 

*97. A full pilch coil in an alternator has a 
span of IS slots. Coil span for a ehording 
angle of 60° electrical will in slots be 


98. The sodium vapour lamp is started as a 

.. lamp since sodium is solid when 

cold and the lamp cannot be started. 

99. An increase in the resistance of an R-L-C 

scries circuit decreases the .. of a 

circuit. 

100. A full wave rectifier is led from a trans¬ 

former having a center lapped secondary. 
The voltage across one-half of the secon¬ 
dary is E volts. The peak inverse voltage 
rating of the diode should be . 

101. The self geometric mean radius of a single 

conductor of radius V spaced UI' from 
the return conductor is . 

102. The type of hydro electric turbine used 

for water heads above 500 m is . 

103. The phenomenon of dielectric breakdown 

of air around overhead transmission line 
is called . 

104. A 5 h.p. series motor is provided with a 
diverter for controlling the speed. For a 
constant load torque the speed will be a 
minimum when the diverter resistance is 


105. Observation of voltage rise at receiving 

end of a long lightly loaded transmission 
line is due lo . 

106. Leakage resistance of transformer can be 

reduced by increasing die . ratio of 

the transformer. 

107. The inlcrpoles of a d.c. machine are 

Downloaded-From : www.EasyEngineering.net 


























Downloaded From : www.EasyEngineering.net 


94 

wedge shaped in order to . 

108. Armature voltage controlled variable 

speed d.c. shunt motor can be used to 
drive . load. 

109. The direction of ratio of an a.c. mot,or is 

' decided by . 

110. In a 3-phase induction motor the stalling 

torque is . rotor resistance. 

111. The power transferred to the rotor of an 

induction motor at a slip V ts divided 
into mechanical power developed and 
rotor copper losses in the ratio . 

112. The power factor of a synchronous 

machine connected to an infinite bus 
depends mainly on . 

113. In dielectric heating the rate of heating 
cannot be increased by increasing the 

potential gradient because . takes 

piacc. 

114. In ....!. welding the work piece is fixed 

and the disc electrodes move or the work 
piece moves between rotating 'disc 
electrodes. 

*115. Two 5 A ammeters arc available, one of 
which reads 100 mV and the other 60 mV 
for full scale deflection. When they arc 
used in parallel the total current that can 
be measured is . A. 

116. The secondary circuit of a current trans¬ 
former should be .while its primary 

is energised. 

117. An overexcited synchronous motor. 

reactive volt amperes. 

*118. The generating station having minimum 
running cost is . 

119. A uniformly loaded distributor fed at one 

end only has a power loss of V walls. If 
the distributor is now fed from both ends, 
the power loss will be . watts. 

120. In a fast breeder reactor the fuel used is 


12T Two waveforms, one sinusoidal and the 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

other rectangular, having the same peak 
value and frequency arc passed through 
a resistance of R ohms independently. The 
heating effect due to sinusoidal waveform 

is . than that due to rectangular 

waveform. 

122. The windings of a 3-phase motor are 

connected in della. If the resistance bet¬ 
ween any two terminals is 0.6. each wind¬ 
ing has a resistance of . 

123. An air cored coil is supplied from an a.c. 

voltage source in scries with an ammeter. 
If an iron core is introduced into the 
inductor coil the ammeter reading . 

124. The electric current in a conductor invol¬ 

ves electron flow whereas it involves a 
flow of. in semiconductors. 

*125. A current of 4 amps, flows in an a.c. 
circuit when 100 V d.c. is applied to it, 
whereas it takes 250 V a.c. to produce 
the same current. The power factor of the 
circuit is . 

*126. The instantaneous values of line currents 
into a della- connected load in any two 
lines are + 2.5 amps, and - 1.25 amps. 
The current in the third line at this instant 
is . amps. 

127. The total current supplied to a parallel 

RLC circuit is . when the circuit is 

at resonance. 

*128. A coil of negligible resistance has an 
inductance of 100 mH. The current pass¬ 
ing through the coil changes from 2A to 
4A at a uniform rate in 0.1 sec. The 
voltage across the coil during this lime 
would be .. volts. 

129. The r.m.s. or average value of an asym¬ 
metrical wave is determined over . 

■ \ of wave. 

130. To measure the power of a 3-phase un¬ 

balanced circuit, minimum number of 
wattmeters required is . 

*131. A motor having a power factor of 0.8 
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. _ ; absorbs an active power of 1200 W. The 

reactive power drawn from the supply is 

l .. VA. 

.*132. Three.identical resistors are connected in 
star across a 3-phase, 550 V supply dis¬ 
sipating a total power of 300 W. The line 
current is . 

*133. The voltage across R and L in a series 
R-L circuit arc found to be 200 V and 
150 V respectively. The r.norvalue of 
the voltage across the series combination 

is . 

*134. A voltage of 51 90° across a black box 
results in a current (V3~ + / 1) amps. The 
power absorbed by I he box is.watts. 

*135. To produce a current / (/> = 10 r through 
a capacitor of 5F, the voltage waveform 
should be r ( t) - . 

136. For a highly selective circuit, the quality 

factor of a resonant series circuit should 
be . 

137. A battery has capacity of 108,000 

coulombs. It can deliver 1 A for. 

138. The imaginary component of the admit¬ 
tance of a capacitive load is . 

139. The voltage gain of a transistor in a com¬ 
mon base configuration is __ than 

unity. 

140. The yoke or outer frame of a d.c. machine 

is usually made of. 

141. The tangent drawn to the open circuit 

characteristic of a separately excited d.c. 
shunt generator gives the . 

142. In a comulatively compounded d.c. 

machine its series and shunt fields . 

each other. 

143. The moment of inertia of the rotating parts 

of a d.c. shunt motor can be determined 
in a laboratory from the .. test. 

*144. The armature, series and shunt lield resis¬ 
tances of a short shunt d.c. compound 
motor arc 0.1,0.25 and 100 ohms respcc- 


95 

tively. If all the brushes are lifted and the 
resistance is measured between the motor 
terminals, the resistance would be 
ohms. 

145. The quantity of efficiency of a secondary 

cell is defined as . 

146. The field effect transistor is preferred to 
bipolar junction transistor for circuits of 
. resistance. 

147. One electron volt is.N-m. of energy. 

148. The most important material exhibiting 

the piezo-electric properties is . 

149. A cumulatively compounded d.c. motor 

runs at a speed of 1000 r.p.m. at full load. 
If the series field is short-circuited then 
its speed becomes.than' 1000 r.p.m. 

150. In a single phase core type transformer 

both the primary and secondary windings 
arc distributed to both the legs in order 
to .. leakage reactance. 

*151. A 100 kVA transformer has a resistance 
of 2%. Its full load copper losses arc 


152. A stepped core construction is used in a 
transformer in order to reduce . 

153. connection of transformer is 

employed when 3-phase power is con¬ 
verted to 2-phase or vice versa. 

*154. A 4-pole, 50 Hz, 3-phase induction motor 
runs at a speed of 1470 r.p.m. The fre-. 
quency of rotor currents is . 

155. The locus of the stator current of an 
induction motor is . 

*156. The power input to a 3-phase induction 
motor is 60 kW and stator loss is 1 kW. 
The rotor eu-loss per phase is . 

157. An over-excited synchronous motor on 

no load gives . power factor. 

158. Certain harmonics can be eliminated from 

alternator voltage by .. ^ 

159. Regulation of an alternator based on 

ampere-turn method is . than that 


S 
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calculated by synchronous impedance 
method. 

160. The load sharing of two alternators run¬ 
ning in parallel can be altered by changing 


161. The process of connecting a synchronous 

machine to an infinite bus is called. 

162. The armature reaction in an alternator 
supplying leading power factor load is 


163. The starting torque of a split phase motor 

is . than that of a capacitor start 

motor, all other things being equal. 

164..Hunting in a synchronous machine opera¬ 
tion is prevented by providing . 


wind in us. 

In a transistor amplifier the 
1 is reverse biased. 


junction 


166. The percentage of U 23S in naturally avail¬ 
able uranium is . 

167. The function of reflector in nuclear reactor 

is to reflect the . 


168. The fluctuations of speed in the diesel 

plant are smoolhened by using a . 

169. Turbo alternators of large capacity are 

cooled by . 

170. Diversity factor at a power station is 

defined as the ratio of . 

171. A generating station has N a maximum 
demand of 4 MW and generates 17.52 
million units/annum. Its load factor is 


172. Two conductor of R-phase of a 
bundle conductor transmission system 
are d-meters apart, if the radius of each 


d 



conductor is r cm, I he self GMD of the'' 
^TTphase conductors is . 

173. In a stranded conductor of //-layers, the 

total number of individual conductors is 
equal to . 

174. The economical current density in a con¬ 
ductor can be found using ....:.’s law. 

175. If the regulation of a short transmission 

line is zero, the power factor angle is 
given by . 

(E,.: Receiving end voltage, R : resistance, 
X : reactance of the line; I : current. (t> : 
power factor angle). 

*176. A 3-phase transmission line has a reac¬ 
tance of 50 ohms per phase. If the voltages 
at sending end and receiving end of the 
line arc maintained at 120 kV and 100 
kV respectively, the maximum power that 
can be transmitted over the line under 
steady-stale conditions will be . 

177. If a series capacitor X r is connected in 

the distribution system, the rise in voltage 
V ; . at the load due to capacitor may he 
approximated as .; 

[I : line current, <)) : power factor angle, 
X,. : capacitive reactance at 1 he series 
capacitor!. 

178. Per unit impedance c., on the given base 
kVA ( and kV, can be transformed to a 
new base kVA^ and kV 2 using the relation 


179. The time interval lapsed from the ener¬ 
gisation of the trip coil to the instant of 

contact separation is called the . 

time. 

180. Merz-Price current balance protection is 

known as . protection. 

*181. If the lime of operation of a relay for 
unity TMS (Time Multiplier Selling) is 
10 sec., the lime of operation of 0.5 TMS 
will be . sec. 

182. For an earth fault on phase V/ 1 at the 
terminals of an alternator, phase 7E volt* 
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age would be . . / 

183. The torque in an induction relay is propor¬ 
tional to . 

184. The phenomenon of arc interruption takes 

place at . 

*185. If a 50 micro-ampere meter has 500 ohms 
resistance, the value of shunt resistance 
required to extend the range to 250 micro¬ 
ampere will be. ohms. 

186. The holes are drilled in the disc of an 
energy meter on the opposite sides of 
spindle to. at no load. 


187. The dielectric loss of a capacitor is 

measured by .. bridge. 

188. In an energy meter, the steady state speed 

of the disc is attained when the operating 
torque is . breaking torque. 


189. Measurement of low resistance is usually 
done by.. bridge. 


*190. 


The value of the current indicated by the 
moving iron ammeter in the circuit shown 
in Fig. QB-41 is . 


© / = 6 + 8^2 sin cot 

——i 


Source 



Load 


Fig. QB-41. 

*191. The readings of two wattmeters used for 
power measurement of a 3-phase 0.8 (lag) 
power factor load are W { = 1200 W and 
W 2 = 750 W. If the load is of 0.8 (lead), 
the readings of the two wattmeters would 
be . 


192. The lagging power factor in fluorescent 
tube is improved by using . 


diameter 1.2 m is . 

*195. From a uniform light source of 300 c.p., 
there exists a plane surface 15 m below. 
The value of illumination on the plane 
surface when the luminous flux rays are 
inclined at an angle of 30° to the surface, 
is . 

196. The unit of luminous intensity is . 

197. For hardening high speed steels and for 

melting non-ferrous metals, high tempera¬ 
ture resistance furnaces employing. 

resistors are to be used. 

198. In core type of induction furnaces, there 

is a possibility of open circuiting the 
secondary which stops heating the charge. 
This is known as . 

199. To produce heat near the surface of a 

material, the.heating is more suitable. 

200. The frequencies and voltages used in 

dielectric heating are in the range of. 

201. In the food processing industry . 

heating is employed. 

202. Plugging condition in an induction motor 

can be set up by . supply leads of. 

any two phases of stator. 

203. The voltage used for a.c. traction in India 

is . 

204. While using dynamic breaking in the case 

of a d.c. shunt motor, the armature is 
disconnected from the supply and con¬ 
nected to a . 

205. The type of generator used for train light¬ 
ing is . generator. 

206. In electric traction the equipment used to 

tap the high voltage alternating supply 
from the single-phase high voltage over¬ 
head line is called . 


193. The ratio of the illumination on a surface 
under normal conditions to that under 
ideal conditions is called as.factor. 

*194. The solid angle subtended by an area of 
2400 cm 2 on the surface of a sphere of 


207. The ratio of duration of working period 

to that of whole cycle is called as . 

208. To produce a good weld, the voltage 

across the arc should be around . 

volts. 
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209. The overall efficiency of ax. welding 

process is . than d.c. welding 

process. 

210. The volt-ampere characteristics of an arc 

welding is such that the voltage drop 
across the arc .. as the current in¬ 

creases. 

211. The rms value of an ac sinusoidal voltage 

is 5V. Its peak to peak value is .V. 

212. If two windings having self-inductances 

‘Lj’ and with a mutual inductance 
‘M’ are connected in series with flux 
opposing, then the total inductance of the 
series combination is .. 

*213. Three resistances of two ohms each are 
connected in star. In the equivalent delta 
representation each resistance will have a 
value of .. ohms. 

214. In a three-phase power measurement by 
two-wattmeter method, the reading of one 
of the wattmeters was zero. The power 
factor of the load then is . 

*215. The apparent power drawn by an ac circuit 
is 20 kVA. The wattmeter reads 16 kV. 
The reactive power in the circuit, in 
kVAR, is . 

*216. If v =,V W sin (cor + rc/6) and i = l m cos 
cor, the current is leading the voltage by 
an angle of. degrees. 

217. A 500 W water-heater is operated con- 

tinously for two hours. The electric energy 
consumed in the first half an hour is. 

218. In order that an oscillator produces steady 

oscillations the product of gain and the 
feedback factor should be . 

219. The life of a storage battery is generally 

measured in terms of the number of. 

it can deliver. 

*220. The open-loop gain of an amplifier is 100. 
If negative feedback'with P = 0.1 is used, 
the closed loop gain will be . 

221. Eight lead storage-cells are arranged in a 
battery. The maximum possible voltage is 


222. A dc motor starter is required essentially 

to . 

223. The starting current of a dc shunt motor 

is to be limited to 52 A. The armature 
and field resistances are respectively 0.2 
and 100 ohms. The external series resis¬ 
tance required is . ohms. 

224. If the speed and the total shunt field 

resistance of a dc shunt machine are 
doubled the generator emf will . 

225. Ward Leonard system is used for speed- 

control of. 

*226. A transformer has 720 primary turns and 
120 secondary turns. If the load current 
is 12 A, its primary load component of 
current is . 

*227. When the non and full load copper losses 
in transformer are 900 W and 1600 W 
respectively, the maximum efficiency 
occurs at . percent of full-load. 

*228. The hysteresis and eddy-current losses of 
a single hase transformer are estimated to 
be 1 kW each at rated voltage.and rated 
frequency. When the frequency is in¬ 
creased keeping the flux level constant 
the hysteresis loss is estimated to increase 
to 1.2 kW. The eddy-current loss then 
would increase to . kW. 

229. The scott-connection requires two single¬ 
phase transformers, one with a centre tap 

and the other with a tap at.per cent 

of the winding. 

*230. A four-pole, 50 3-phase induction 
motor has a full-load slip 5%. The 
full-load speed is . rpm. 

231. In a double-cage rotor of an induction 

motor the outer cage has a ... resis¬ 

tance than the inner cage. 

232. A three-phase induction motor, in prin¬ 

ciples is * similar to a three-phase trans¬ 
former. Its no-load power factor is lesser 
than the transformer because . 
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*233. With 30% tapping on its auto-transformer 
starter the starting torque of a 3-phase 
induction motor is 100 N-m. If 60% tap¬ 
ping is utilized, the new starting torque 
would be.N-m. 

234. The stand-still impedance of the rotor of 

a 3-phase slip-ring induction motor is 
(> 2 + 7 * 2 ) per phase. The additonal rotor 
circuit resistance to be included, per 
phase, to have maximum torque at starting 
is . Neglect the effect of stator im¬ 

pedance and magnetizing impedance. 

235. The relation between gross mechanical 

power developed and the rotor power 
input in an induction motor is . 

236. The regulation of an alternator is likely 

to be . in case of leading power 

factor loads. 

237. If the synchronous motor is under excited, 

the power factor will be . 

*238. In a three-phase alternator a field ciurent 
of 40 A produces a full-load current of 
200 A on short circuit and 1732 V on 
open circuit. If the resistance is one ohm, 
the synchronous reactance is .. 

239. The maximum speed of a turboaltemator 

in india is . 

240. V- curve of a synchronous motor is a 

graphical representation of armature cur¬ 
rent V 5 . 

241. Presently, the trend is to locate super 

thermal power stations at. 

242. In thermal power stations Economiser's 
function is to pre-heat feed water by using 


243. In a nuclear po\ver plant the power output 

is kept at desired level by the use of.. 

244. Water hammer action in penstocks is 

prevented by providing .. 

*245. A generating station has a maximum 
demand of ? MW and generates 8.76 
million units annually. The load factor of 


99 

the station is . %. 

246. Assuming constant efficiency and power 

transferred, if the voltage of a transmis¬ 
sion line is increased by n times the area 
of conductor cross-section required would 
be . times of that before increase. 

247. ‘All-day efficiency’ is always used with 

respect to . type transformer. 

248. Good accuracy in the measurement of low 

resistance is obtained by the use of .. 

bridge. 

*249. A 0-15 V voltmeter has a resistance of 
1000 ohms. If it is desired to extend its 

range to 0-150 V, a resistance of . 

ohms is connected in series with it. 

/250. A balanced 3-phase load has a phase 
sequence R-Y-B. Its reactive power can 
be measured by using a single wattmeter, 
if the wattmeter’s current coil is connected 
in the R-phase line and the pressure coil 
across the line of. phases. 

251. heating is used for seasoning of 

wood electrically. 

*252. A 1000 W bulb, fitted with a reflector, 
illuminates an area of 3 m x 3 m with 
an average illumination of 450 lux. If the 
bulb has an efficiency of 9 lumens/watl, 
the efficiency of the reflector is.%. 

253. In a double circuit over head transmission 
line, the same values of reactance for each 
phase is obtained only if the line is. 

*254. A 2-wire feeder line runs for 1 km. It has 
a total resistance of 1.0 ohms and 600 V 
between lines at the sending end. If it is 
supplying a load of. 100 A at a midway 
of its length, the voltage at the far end of 
the feeder is . 

*255. The individual maximum demands on 
feeders connected to a transformer are 
100, 120, 80, 50 and 70 kW. If the max¬ 
imum demand experienced by the trans¬ 
former is 300 kW, the diversity factor of 
the loads on it is . 
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256. The frequency of the supply used for a.c. 

electric traction is.than standard 50 

Hz. 

257. Single-phase flourecent fittings are some 

times not preferred in machine shops since 
they exhibit.effect. 

*258. The energy supplied to a HT consumer is 
recorded by an energy meter in conjunc¬ 
tion with PTs of 11 kV/110 V and CTs 
of 50/5 A. If the meter records 10,000 

units, the actual energy supplied is.. 

million units. 

259. Electric welding transformers are 
designed to have.short-circuit cur¬ 

rent capability. 


260.. is used commonly to check the 

insulation resistance of an electrical equip¬ 
ment. 

261.. motor is ideally suited for electric 

traction. 

262. Very long HV transmission line experien¬ 


ces copper losses even when it is open 
circuited at the receiving end. This is 
caused by the.of the line. 


263. Transformer is protected from internal 

faults by providing...... relay on it. 

264. Induction type electro-magnetic over-cur¬ 
rent relay exhibits ..'. time charac¬ 

teristics. 

265. In braking a d.c. motor by plugging, supp¬ 
ly is reverse connected to the.ter¬ 

minals. 

266. If the height of transmission towers sup¬ 

porting the line is decreased, the 
capacitance of the line will .. 

267. To maintain uniform thickness of paper 
. motors are used in the paper in¬ 
dustry. 

268. In seam welding, the required heat is 

generated within the object of weld itself 
due to .. 

269. ‘Flicker’ in electric supply system is ob¬ 
served some times when' -using . 

furnaces. 

270. An energy meter is found to read er- 
ronously. It is corrected by adjusting the 
.appropriately. 



ANSWERS 


B. Fill in the blanks : 

l.|cv2 

2. 1 Amp. 

3. 400 Q 

4. holes 

5. 90 volts 

6. 500 W 

7. Constant 

8. 12 

’• Jlc Hz 

10. dropping 

11. Series 

12. I a or V 

13. helps or aids 

14. Counteract (or) nullify 

15. one less 

16. brown 

17. one 

18. less 

19.0.04 

20. Inverse 

21. 2.5 kW 

22. Pulsating (or) Alternating 

23. 10 

24. 2.67% 


25. y 26. Synchronising/Sinchronisation 

27. 0.707 or cos 45° or 1/V2 28. -20% 

29. higher than the actual or greater than the actual 30. 1/7 or 14% full load 


Downloaded From: www.EasyEngineering.net 
























Downloaded From : www.EasyEngineering.net 

QUESTIONS BANK 

31. condenser 32. pelton wheel or Impulse 

34. Reaction or Francis or Kaplan 35. enriched uranium 
37. lower 38. equalising 

2 

40. — cos 2 <(> 41. less 


42. 


Switching over voltage at impulse 

Switching over voltage at power frequency 


44. hysteresis error 
47. V3 

50. Phosphor 
53. Infra red 

56. =r~— 

Ton-km 

59. field weakening 
62. H 2 S0 4 

65.M w 

67. Magn&itPlbcking or cogging 


45. air friction 
48. kW or kVA, kWh 
51. 100 lux or lumen/m 2 
54. Nickel and chromium 

57. mechanical 

60.-400-kV- 

63. 360 

66. 12.5 kW 

68. base 


70. Maximum demand < 71. Sag and tension 

Breakdown voltage at impulse of specified shape 

Breakdown voltage at power frequency 


75. Nonr-Iinear 

76. 4.98 kQ 

77. Phase difference between the fluxes 

79. 3 dB 

80. 0.1 

tt T° 

83. 5000 A 

85. Zero 

86. CE 

88. 5 x 10- 3 Mho 

Jvp 

*■ Vr 


91. 0.02 Q 92. Specific speed 

93. the heat produced in transformers 


95. 18 p. Joules 

98. Neon 

101 . 

104. Min. 

106. Distance between 



99. current 
102. Pelton 

105. Capacitance of the line 
the iimbs/distance between limb and frame. 


101 


33. Surge tank 
36. increases 
39. reactors 


43. ring mains 

46. ash/fly ash 
49. 200 

52. carbon or graphite 
55. spot welding 

58. coasting 

61. 20 



69. 


N 2 

4R„ 


72. Damping 
74. Pantograph 


78. 8 
81. 


1 


13 

84. Transformer 


87. p = 


a P 

1 -a ora “ 1+p 


90. 10% 


94. Mass curve 
97. 1 to 13 

100 . 2<i 

103. Carona 
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107. Lug air gaps under interpoles then main poles 

109. Phase sequence of a.c. supply 110. Independent of 

112 . load 

113. Break down 

115. 8 A 

116. shorted 

118. Hydro-electric power station 

119. j 

4 

120. U 235 or Plutonium or U 23g 

121. Less 

123. increases 

124. electrons and holes 

126. -1.25 

127. active component 

129. one cycle 

130. two 

132. 3.149 A 

133. 250 V 

135. fi 

136. high 

138. suspectance 

139. greater 

141. critical field resistance 

142. aid 

143. Retardation or Running down 

144. 100.25 12 

145. Amp. hour discharge/Amp. hour charge 

147. 1.6 x 1 O ' 19 

148. quartz 

150 . reduce 

151. 2 kW 

153. scott 

154. 1 Hz 

156. Slip XjkW 

157. lagging 


108- content 
111. W 


s 

114. beam 

117. supply leading 


122. 0.212 
125. 0.4 
128. 2 volts 
131. 900 VA 
134. 5 W 
137. 30 hours 
140. cast-iron 


146. low I/p 
149. more 
152. core material 
155. Semi-circle 


158. Short pitching of the coil 159. less 
160. magnetise the main flux 


161. Synchronising 


162. Magnetising 

163. higher 

164. damper 



165. Collector-base junction 

166. 0.7% 

167. the neutrons 



168. fly wheel 

169. Hydrogen 

Sum of individual maximum demands 

Maximum demand of entire group 

171. 0.5 

172. 



173. 2” 

174. kelvin 

175. <)> = tan -1 x 

'f) 


176. 240 MW 

177. JX C 

\ 

kVA 2 

178 ‘ Z l * kVAj x 

f kV 0 

kV 2 

2 

. i 

179. 8 operating 

180. Differential 

181. 5 s 


182. More 

183. 12 

184. zero 



185. 12512 

186. avoid creep 

187. Scheering bridge 


188, equal 

189. Kelvin’s double 

190. 10 A 



191. W, = 750 W, W 2 = 1200 W 


192. A capacitor across the supply 

193. Depreciation 

>94. | 
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195. lumens 196. Candela 

198. Pitch 199. Eddy current 

200. /= 10 to 40 M Hz, V = 600 to 3000 V 

202. Interchanging 203. 3500 V 

205. level compound 206. collector (Pantograph) 

208. 20 V to 30 V or 50 V to 100 V 


210. decreases 
213. 6 ohms 
216. 120° 

219. hours 

222. Limit the starting current 
225. D.C motor 
228. (1.2) 2 
231. high 
233. 400 N-m 
236. negative 
239. 3000 r.p.m. 

242, the heat from the flue gases 
245, 0.5 

248, Kelvin double 
251. Dielectric 
254. 550 V 


211. V2 x 5 
214. 0.5 lag 
217. 250 W-h 

220 . 9 

223. neglecting field current 
226. 2A 
229. 87 


234. x2 
237. lagging 
240. field current 
243. Contol rods 

246. 4 

nr 

249. 9 kQ 
252. 45 
255. 1.4 


103 

197. Non-metallic 

201. Dielectric 

204. external resistor 

207. Duty cycle 

209. more 

212. L, + L 2 - 2M 

215. 12 kW 

218. unity 

221. 8 x voltage of each cell 
224. remain same 
227. 75% of full load 
230. 1425 r.p.m. 


241. load centres 
244. surge tank 
247. Distribution 
250. Y and B phases 
253. Transposed 
256. less 
259. large 

263. Buchholz 
266. increase 
269. induction 


257. stroboscopic 258. 10 million units 

260. Megger 261. JD.C. series 

262. Charging current (Due to capacitance of line) 

264. Inverse 265. Armature 

267. Synchronous 268. shunt effect 

270. Position of brake magnet 


232. of presence of air gap between rotor and stator 

235. (1 - s)P 2 
238. S.6Q 
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* 


SOLUTIONS-COMMENTS 


2 . 




R ( = 6 + 9 = 15 a 

I = -jj = 0.2 Amp. 

Total current, I = 0,2 + 0.8 = 1 

* • V 2 200 x 200 . nnn 

1 R = w =- ^oo _=400a 

. 200V2 QA . 

5. -— = 90 volts. 

n 

6. I = 3 - }4 = 5 1 -53.13 ° 

V = 100 -;50 = 111.8 1 -26.56° 

Power = VI cos<j> (<f» = - 53.13° + 26.56° = - 26.57°) 
= 111.8 x 5 cos 1-26.57° = 500 watts. 


^ =2>< ^ = if =0 ' 8A 


17. Total loss = 2 % 

W, = W c = 1% , 

21 . Power transferred inductively = I.P. (1 - K) 

Vo 120 1 

when K = — = — = ^, we have; 

Power transferred inductively = 5 x ~ = 2.5 kW 

23. Maximum torque occurs at, R 2 = sX 2 

% Slip = ^ x 100 = ^ x 100 = 10% 

A 2 4 


24. 


Slip = 




N. 


x 100 


1500-1460 

1500 


x 100 = 2.67%. 


3cx 

27. Pitch factor of the third harmonic = cos — 


'i x 70 

= cos = cos 45° or 0.707 
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a = 


18-15 


28. % Regulation = 


No load - Full load 
Full load 
2400 - 3000 


18 
x 100 


x 180 or a = 30° 


40. 1 


49. K = 


1.5 


3000 

cos 2 d> 2 

-L. — 


= - 20 %. 


cos 2 <|> .1-5 

1000 x 200 
200 x 5 x 1 


or — cos 2 <]). 


= 200 . 


51. Total lumen = 


65. 


Ex A 
y\xp 


Given bulb rating = 500 watts; luminous efficiency = 15 lumens/watt. 
.*. Lumen of one bulb = 15 x 500 lumen. 

Lumen of ‘20’ bulbs = 20 x 15 x 500 lumens 
All the light will not reach the Area (35 m x 15 m) 

After considening the factor given, we have 
Total lumens x n x /? = E x A 
Substituting the values, we have 
20 x 15x500x0.7x0.5 


E = 


35 x 15 


-. = 100 lux or lumens/m 2 . 


At full load W, + W tH = 100 
W 

At Ijalf load W, +-^ = 50 

Solving (1) and (2) 

(2) x 4 4W,. + W ew = 200 

w, + W,.„ = 100 


3w: 


= 100 


w, = — w. 


66. s = 4%, Rotor Cu. losses = 500 W 

We have, rotor Cu. loss = s x rotor power input 

50° = 4i* p 2 


P, = 


100 
500 x 100 


watts 


(or) 


P 500X100 
F2 ~ 4x 1000 kW 
= 12.5 kW. 


...(1) 

...( 2 ) 
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76. To Convert Ammeter to Voltmeter a high resistance ‘R x ’ should be connected in senes with 
the meter, where l R m ' is meter resistance 



Fig. QB-43. 

V = 1 (R x + R m ) 

10 = 2 x IQ - 3 (R x + 20) =* R x = 4.98 k£2. 

78. Full load speed is 725 rpm 

N near to this value can be taken as 750 rpm where ‘N/ is synchronous speed. 
N ’ i = 750 = 120X50 

p = 8. 

. .... (MVA)new _ (kVoldT _ ^ i00 , 

80. Zp.u. (new) = Zp.u (old) x ' (MVA)old * (kV new) " °- 5 x 500 * 1 " ° h 
(Note. Always remember that Zp.u is proportional to MVA of the system.) 

82. Max. torque condition 
R 2 — SX 2 

Where R 2 = Rotor resistance/phase 
X 2 = Rotor reactance/phase 


X, =— = 


R 2 0.13 _13 Q 
3/100 3 


90. Max. regulation is always equal to 

91. 


2.2V 


r 

x 


Z of the transformer. 

R 1 

- M ■ 1 4 


2.2V 




- -— 

J, 03j 

“T 

► 

T H 

: J v 
J> 


Fig. QB-44. 

Open circuit voltage is 2.2 V when 0.2£i is connected as shown. 

2V 

Current in 0.2£2 is = ^ q = ^ ^ 
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Apply KVL 
2.2 = 10 (R, + 0.2) 

= 10 R, + 2 

=> 10 R, = 2.2 - 2 = 0.2 
0 2 

R , = = 0.02Q 

93. Note. Sumpner’s test can be done on transformer to find efficiency and regulation also but 
mainly test purpose is to find the heat produced in transformer. 

95. E = ^ CV2 = ^ x I x 10- 6 x 6 2 = 18 p joules. 

(Ps. Here ‘C’ is taken as |AF only since capacitor varies linearly. 


97. 18 slots - 180° 
i.e., I slot - 10° 

Chording angle is 60° 

Coil span is (180 - 60) = 120° 

.'. 12 slots are used, i.e., 1 to 13 


ns. r, 


lOOx IQ " 3 

5 

= 20 m£2 


R 2 = ^^= 12 mQ 
I|R| = I2R? 

L. = ^2 

h R| 

, h R 2 

ii + ^2 _ R | + R 2 

~h~ = R i " 

But I 2 = 5 Amp. . 

32" 


h = h * 


20 


= 5 *1 = 8A 

125. With d.c., R = y = -^.*25 0 
V 250 

With a.c. Z = ~r = ~r - 62.5 £2 
* I 4 


r . R 25 

Cos * = I = '6T5 


= 0.4. 



126. Since at any instant the sum (vector) of currents must be zero. 
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128. V = L . ^ = ] 00 x ] 0 -3 x = 2 volts. 
dt 0.1 

131. VI sin <]) = Reactive power 
Given, active power = 1200 W 
cos <(» = 0.8 
1200 


.-. VI - 


0.8 

.'. Reactive power = 


1200 

0.8 


x 0.6 = 900 VA. 


132. Power consumed = 3000 VT" V L I L cos 0 
cots : 0 =1(’.’ load is resistive) 


I L = 


—3 j 49 a 

550 x V3 J - 14yA - 


133 - V = Vvi[ + vf = V200 2 + 150 2 = 250 V. 

134. V = 5 Z90° 

I = (V3"+ jl) = V(V3) 2 + l 2 Ztan-‘ [^ 

= 2 Z30°. ^ ' 

Power absorbed = VI = 10 1 90° + 30° = 10 Z120° 
= 10 (cos 120° + j sin 120°) 

= 5W 

Real part only gives active power consumed. 

i t 

135. V(r) = -t J «(r) dt = \ J10 x t dt 


c , 5 
o o 


10 r . „ 

— J t dt = 2 x 


= 2x—-2x — = r 2 
2 2 

144. If brushes are lifted the resistance will be 100.250. 
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t2d 

151. Cu loss = ——- kW 


1000 
= I.IR. 


1 


= (VI) 
VI 


1000 
/"ir) 
v : 

IR 


1 


1000 x V 


1000 
x 100 


= kVA x % of resistance = 100 x — - = 2 kW* 

154. f t -sxf= 0.02x50= 1 Hz. 

156. Stator input = 60 kW, stator loss = 1 kW 

Rotor input = 60 -1 = 59 kW, Rotor loss = slip x 59 

r, i / . slip x 59 
Rotor loss/pnase = —^ . 

165. Because transistor acts as an amplifier only in active region and in active region, emitter base 
junction is forward biased and collector - base junction is reverse biased. 

176. p _ V - T ‘ Vr 


n 


^ sin 8; 8 = —; P is maximum 


120 x100 
50 


= 240 MW. 


181. TMS x time of operation = 10 x 0.5 = 5s. 
185, 


250J4.A 


■vwyvw 


50MA 

i 

2005a^r^“ 

Fig. QB-47. 


250 MA 


200 x 10" 6 x R.,. = 50 x 10- 6 x 500. 

C = 125 a 

190. Note that moying iron meters always size rrns value of the quantity. 
.’. if / = !(, + sin (or +. 


The value of Ammeter 


is = Vl 0 + 


(\ ^ 

l ml 


+ .... 


= V36 + 64 = 10 A. 

191. Wattmeter reading will simply inter-change. 
2400 2 


194. 


60 x 60 3' 


195. —^ . cos 30° = . cos 30° = ~ 7 ~ lumens. 

d? (15) 2 V3 
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213. R A = R B = Rc = 2x2 + 2 * 2 + 2 x 2 = 6 a 

215. Given kVA = 20, kW = 16 

kVAR = V20 2 - 16 2 = 12 


216, v = V m sin (Of + 


n 


i = I m cos co t —> I m sin 


n 

— - co t 
2 


Phase angle between v and i 


J 


H 

220. G = 


, H_4E_2E_ 19n o 
~6 _r 2 - 6 ~ 3 ~ liiU ‘ 


y 


G 


open 


100 


1 + P G open ' 1 + 100x0.1 


= 9.01*9 


N, 


226. I 2 = K. 1 2 , where 1 2 = load current; K = — 


120 

720 


x 12 = 2 A. 


Where 1 2 ' = load component of current in primary. 



/ VY ■ 

227. kVA V r~- (where W ( - = iron loss*and W CM = copper loss 

"cm_ 

or kVA , i.e., 75% of full load. 

228. Let at frequency f\ P h = A/, P e = B/ 2 . 

When frequency is increased to /, (P^)j = A/,, (P e ), = B/j 
From data, 1 = A x/....(l) 

1.2 = Ax/, ....(2) 

(P e ), = B.(1.2xy) 2 

(P e ), = (1.2)2 x B x / = (1.2)2 x 1 = 1.22 kw 
230. N = -N, (1 - s) = * 2 p X ^ (l -■*) = 1425 r.p.m. 

233. T a V 2 , when 60% of tapping is used voltage applied to motor is doubled when compared 
to 30% of tapping, hence torque becomes four times. 

1732 

238. Zs = Synchronous impedence = 0 € Voltage/S.C. current = — — - 8.6612 

- X, = - R 2 = V(8.66) 2 - 1 =8.612 

245. Load factor = x 100 

Maximum load 
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Avg'. load = ^ 7 q 6 * 106 = 1000 units 


Load factor = x 1000 = 50% = 0.5 


249. 



Fig. QB-49. 

To improve the range R s a high resistance is connected in series with the meter. 


I = —— A 
1000 


••• 150 v = looo < R - + 1000) 


R s = 9k£2 


252. Total lumens = — — — 
T1 

450 x 9 


9 x 1000 = — ° — 9 x 100 



= 45%. 


254. 


100 A 



0.5 0.5 

Fig. QB-50. 

Drop in the 0.5 £2 of midway resistance 
. = 0.5 x 100=50 
Far end voltage = 600 - 50 
= 550 V 
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255. Diversity factor = 


sum of max, demands 

max. demand 
100 + 120 + 80 + 50 + 70 


300 


- = 1.4. 


258. CT Ratio = ~ = 10; PT Ratio = ^^=100 

Actual energy supplied = Meter reading x PT Ratio x CT Ratio 
= 10000 x 100 x 10 = 10 million units. 


□ □ 
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MODEL TEST PAPER-1 


Maximum Marks : 150 


Choose the Correct Answer : 

1. Location of centre of gravity (e.g.) of any 
electrical distribution system is determined 
as 


._ total loading (electrical) 

^ sum of moments about two axes 

, __ sum of moments about two axes 

^ C * total loadidng 

(c) c.g. = sum of moments x 1 total, 
loading 

(d) c.g. = sum of moments x (total load- 
ing) 2 


2. A synchronous motor which works on a 
leading power factor and does not drive 
a mechanical loadd is called as 

(a) static condenser 

(b) condenser 

(c) synchronous conddenser 

(d) none of the above 


3. In the circuit shown in Fig. TP-1.1, the 
voltage function v(r) sin cor = 200 sin cor 
and R = 200Q. The average power is 
given by 


R=200& 



Fig. TP-1.1. 

(a) 20 W ( b ) 50 W 

(c) 100 W ( d ) 200 W 

4. In the circuit shown iif Fig. TP-1.2 max¬ 
imum power will be transferred when 


Time : 


1— hours’- 


9 +113 

-V/VW- 


(§)ao^j3o 


Fig. TP-1.2. 

(a)Z L =13-;9 (b) Z L = 13 + j 9 
(c) Z L = 9 - j'13 (d) Z L = 9 + ;I3 

5. If residual magnetism of a shunt generator 
is estroyed accidentally, it may be restored 
by connecting its shunt field 

(a) in reverse ( b ) to a battery 

(c) to earth (d) to an alternator 

6 . The advantage of cables over overhead 
transmission lines is 

(a) eacy maintenance 

(b) low cost 

(c) can be used in congestedd areas 

(d) can be used in high voltage circuits 


7. The tungsten filaments lamps when com¬ 
pared with fluorescent tubes, have all the 
following advantages except 

(a) simple installation 

(b) longer life 

(c) less costly 

(d) more brightness 


8. Increasing voltage or current by means of 
instrument transformers 

(a) only ratio errors need be considered 

(b) both ratio as well as phase angle errors 
need to be considered 

(c) either of the above 

(d) none of the above 


3 
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9. If the complex poles of a system have 
greater real parts, then overshoot is 

(a) more ( b ) less 

(c) not affected ( d) none of the above 

10. Persons preparing electrolyte should wear 

(a) goggles or other face shield 

( b) rubber 

(c) rubber boots and gloves 
id) all above safety devices 

11. Shelf life of a small dry cell is 

(а) equalto that of large dry cell 

(б) less than that of large dry cell 

(c) more than that of large dry cell 

(d) none of the above 

12. The least number of 1-0 watt meters re¬ 
quired to measure total power consumed 
by an unbalanced load fed from a 3-0, 
4-wire system is 

id) 1 ( b) 2 

(c) 3 id) 4 

13. A crack in the magnetic path of an indufctor 
will result in 

(a) unchanged inductance 
ib) increased indductance 

(c) zero inductance 

( d) reduced inductance 

14. Excessive charging a battery tends to 
id) produce gassing 

( b) increase the internal resistance of the 
battery 

(c) to corrode the positive plates into lead 
peroxide thereby weakening them 
physically 

(i d) bring about all above changes 

15. The current drawn from 4 V battery in 

4V 6 a 


80 . 


Fig. TP-1.3 


-1H— 


4n. 

4a 



'2a : 

,6a 


the network shown in the Fig. TP-1.3 will 
be 

(a) 1.4 A ( b ) 0.9 A 

(c) 0.6 A id) 0.39 A 


16. When a fluorescent lamp is to be operated 
on D.C. which of the following additional 
devices must be incorporated in the circuit? 
(a) Inductance ( b) Transformer 
(c) Resistance (d) Condenser 


17. When a bar magnet is bent at its centre 
to form the shape of L, its magnetic 
moment, will be 
(a) 2 times its original value 


id) times its original value 


(e) — times its original value 


(d) t ' mes ' ts or 'g' na l value 


18. The charging current in the cables 
( a ) leads the voltage by 180° 

(,b ) leads the voltage by 90° 

(c) lags the voltage by 90° 

(d) lags the voltage by 180° 

19. The short-circuit voltage of a transformer 
mainly depends on the 

(a) magnitude of leakage flux 

(b) ohmic resistance of primary winding 

(c) ohmic resistance of secondary wind¬ 
ing 

(d) cross-sectional area of the iron core 

20. If the voltage is increased x times, the 
size of the conductor would be 

(a) reduced to 1/jc 2 times 

(b) reduced to 1/jc times 

(c) increased to x times 
id) increased to x 2 times 

( e ) none of the above 

21. Strength of an electromagnetic can be 
increased by 

(a) increasing the cross-sectional area 

(b) increasing the number of turns 

(c) increasing current supply 

(d) all above methods 
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22. A series motor is started without load. 
The effect is that 

(a) the back e.m.f. decreases 

( b ) the torque increases rapidly 

(c) the speed increases rapidly 

(d) the current drawn increases rapidly 

23. The area under daily load curve divided 
by 24 hours gives 

(a) average load 

( b ) least load 

(c) peak demand 

( d) total kWh generated 

24. The rotor copper losses, in a synchronous 
motor, are met by 

(a) d.c. source ( b) armature input 
(c) motor input (d) supply lines 

25. A wire of.will have least diameter. 

(a) 2 SWG (b) 10 SWG 

(c) 20 SWG (d) 30 SWG 

26. The unit of reluctance is 

(a) metre/henry (b) henry/metre 

(c) henry (d) 1 /henry 

27. If a circuit does not contain any source 
of energy or e.m.f., it is known as 

(a) unilateral circuit 

(b) bilateral circuit 

(c) passive network 

(d) active network 

28. Primary air is that air which is used to 

(a) reduce the flame length 

(b) increase the flame length 

(c) transport the dry coal 

(d) provide air around burners for getting 
optimum combustion 

29. In a mercury are rectifier characteristic 
blue luminosity is due to 

(a) colour of mercury 

(b) ionization 

(c) high temperature 
(^ electron streams 

30. Capacity of turbine and generator are re¬ 
lated as 


(<0 

(b) 

(c) 

(d) 


Turbine kW - _ 

generator efficiency 

Turbine kW = generator kW x gene¬ 
rator efficiency 
Turbine kW = generator JcW 
Turbine kW = (generator kW) 2 


31. Maximum wind energy available is propor¬ 
tional to 

(a) square of the diameter of rotor 

( b ) air density 

(c) cube of the wind velocity 
{d) ( a ), (b) and (c) 


32. Cost of wind energy generator compared 
to conventional power plants for the same 
power output is 

(a) equal (b) lower 
(c) higher 

33. Which of the following motors is used 
for unity power factor ? 

(a) Hysteresis motor 

(b) S charge motor 

(c) Universal motor 

(d) Reluctance motor 

34. When a dielectric slab is introduced in a 
parallel plate capacitor, the potential dif¬ 
ference between plates will 

(a) remain unchanged 

(b) decrease 

(c) increase 

(d) become zero 

35. A single-phase capacitor-start motor will 
take starting current nearly 

(a) four to six times the full load current 

(b) three times the full load current 

(c) twice the full load current 
id) same as full load current 

36. Dielectrics have 

(a) a few free electrons 

(b) many free electrons 

(c) no free electrons 
id) none of the above 

37. The level of illumination on a surface 
least depends on 

(a) ambient temperature 
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(b) candle power of the source 

(c) distance of the source 
(< d) type of reflector used 

38. The advantage of salient poles in a alter¬ 
nator is 

( a ) reduced windage loss 

( b ) reduced bearing loads and noise 

(c) reduced noise 

(d) adaptability of low and medium speed 
operation 

39. In case of electrical machines, the inter¬ 
mittent rating as compard to its continuous 
rating is 

(a) same ( b) less 

(c) more ( d) any of the above 

40. The common voltage across parallel 
branches with different voltage sources 
can be determined by the relation 

Vl/R,+V 2 /R 2 + V 3 /R 3 

1/R, + 1/R 2 + 1/R 3 , 

The above statement is associated with 

(a) Superposition theorem 

(b) Thevenin’s theorem 

(c) Norton’s theorem 

( d) Millman’s theorem 

41. Which of the following is ferromagnetic 
material ? 

(a) Copper ( b) Palladium 

(c) Silver ( d ) Cobalt 

42. The efficiency of transformers compared 
with that of electric motors of the same 
power are 

(a) about the same 

(b) much smaller 

(c) much higher 

(d) some what smaller 

( e ) none of the above 

43. The circuit parameters may be 

(/) active (ii) passive 

(Hi) linear (iv) non-linear 

Which of the following is valid for a gas 
diode ? 

(a) ( i ) and (ii) (b) ( i ) and (iv) 


ELECTRICAL. ENGINEERING (OBJECTIVE TYPE) 

(c) (ii) and (tv) (d) (ii) and (iii) 

44. The slight curvature at the lower end of 
the O.C.C. of a self-excited D.C. generator 
is due to 

(a) high armature speed 

(b) high field circuit resistance 

(c) residual pole flux 

(d) magnetic inertia 

(e) none of the above 

45. The resistance between points A and B 
(Fig. TP-1.4) is 



(c) 8 Q (d) 12 Q 

46. A ferromagnetic core subjected to cycles 
of magnetisation will exhibit hysteresis 
when the cycle is 

(a) rotating (b) alternating 

(c) pulsating (d) any of the above 

47. Temporary magnets are used in 
(a) loud speakers 

(h) generators 

(c) motors 

(d) all above 

48. Which loss occurs in the yoke of a D.C. 
machine ? 

(a) Heat loss (b) Copper loss 
(c) Iron loss (d) No loss 

49. In case of a steam engine an average coal 
consumption per km is nearly 

(a) 150 to 175 kg 

(b) 100 to 120 kg 

(c) 60 to 80 kg 

(d) 28 to 30 kg 

50. The equivalent capacitance of the circuit 
shown in Fig. TP-1.5 will be 
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6MF KMF 



—-ii - -n —| 



-ii—- 



ZMF 

Fig. TP-1.5. 

(a) 6 \iF ( b ) 8 \iF 

.(c) 10 (iF {d) J2 |iF 

51. What will happen if supply terminals of 
D.C. shunt motor are interchanged ? 

(a) The direction of rotation will reverse 

( b ) Motor will stop 

(c) Motor will run at speed lower than 
the normal speed in the same direction 

(d) Motor will run at its normal speed in 
the same direction as it was running 

52. If a 3-phase supply is given to the stator 
and rotor is short-circuited rotor will move 

( a ) in the opposite direction as the direc¬ 
tion of the rotating field 

( b ) in the same direction as the direction 
of the field 

(c) in any direction depending upon phase 
sequence of supply 

53. Which of the following equipment, for 
regulating the voltage in distribution feeder, 
will be most economical ? 

(a) Static condenser 

(b) Synchronous condenser 

(c) Tap changing transformer 
(. d) Booster transformer 

54. The ratio of magnetising current to ideal 
short-circuit current is called 

(a) leakage co-efficient 

( b ) dispersion co-efficient 

(c) either of the above 

(d) none of the above 

55. Air will not be the working substance in 
which of the following ? 

(a) Closed cycle gas turbine 
,(b) Open cycle gas turbine 

(c) Diesel engine 

(d) Petrol engine 


7 

56. In case of phase wound induction motors 

the full load rotor m.m.f. is taken as. 

of stator m.m.f. 

(a) 40 percent (b) 60 percent 
(c) 85 percent (d) 95 percent 

57. Armature reaction of an unsaturatcd 
machine is 

(a) cross magnetising 

(b) demagnetising 

(c) magnetising 

(d) none of above 

58. A capcitor consists of 

(a) two insulators separated by a conductor 

(b) two conductors separated by an insulator 

(c) two insulators only 

(d) two conductors only 

59. In a lead-acid cell, lead is called as — 

(a) positive active material 

(b) negative active material 

( c ) passive material 

(d) none of the above 

60. For blowers which of the following motors 
is preferred ? 

(a) D.C. series motor 

(b) D.C. shunt motor 

(c) Squirrel cage induction motor 

(d) Wound rotor induction motor 

61. A synchronous motor running with normal 
excitation adjusts to load increases essen¬ 
tially by increase in 

(a) back e.m.f. (b) armature current 
(c) power factor (d) torque angle 

62. In some transformers, the toppings arc 
provided on 

(a) L.V. side 

(b) H.V. side 

(c) L.V. as well as on H.V. side 

(d) in the middle of both windings 

63. Which of the following protective devices 
can be used against lightning surges ? 

(a) Lightning arrestors 

( b ) Horn gap 

(c) Surge diverters 

(d) Any of the above 
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64. In an induction motor the pulsation losses 
and noise can be reduced by using 

(a) large number of very deep slots 

(b) large number of narrow slots 

(c) less number of narrow slots 

(d) none of the above 

65. The maximum power developed in a 
synchronous motor will depend on 

(a) the rotor excitation only 

(b) the supply voltage only 

(c) the rotor excitation and supply voltage 
both 

(d) the rotor excitation, supply voltage 
and maximum value of coupling angle 

(90°) 

( e ) none of the above 

66. In cables the charging current 

(a) lags the voltage by 90° 

( b ) leads the voltage by 90° 

(c) lags the voltage by 180° 

(d) leads the voltage by 180° 

67. A large value of short-circuit current indi¬ 
cates 

(a) a poor power factor 

( b ) a good power factor 

(c) zero power factor 

(d) none, of the above 

68. Series motor is not suited for traction duty 
due to which of the following account ? 

(a) Less current drain on the heavy load 

torque 

0 b ) Current surges after temporary switch¬ 
ing off supply 

(c) Self relieving property 

(d) Commutating property at heavy load 

69. Locomotive having monometer bogies 

(a) has better co-efficient of adhesion 

(b) is suited both for passenger as well 
as freight service 

(c) has better riding qualities due to the 
reduction of lateral forces 

id) has all above qualities 

70. An electrolytic capacitor is generally made 
to provide 


(a) low capacitance 

(b) fixed capacitance 

(c) variable capacitance 

(d) large value of capacitance 

71. power plant is expected to have 

the longest life. 

(a) Steam ( b ) Diesel 

(c) Hydroelectric {d) Any of the above 

72. Which of the following conditions go a 
long way in causing the electro-thermal 
breakdown of the dielectric ? 

(a) Large thickness of ihc dielectric 

(b) High temperature of both the dielectric 
and the surrounding medium 

(c) Continuous application of high voltage 

( d) Large dielectric less 

( e ) All of the above 

73. In a cable the voltage stress is maximum 
at 

(a) sheath 

( b ) insulator 

(c) surface of the conductor 

(d) core of the conductor 

74. When a universal motor is operated on 
no-load, its speed is limited by ^ 

(a) supply voltage frequency 

(b) armature reaction 

(c) windage and friction 

(d) weight of the armature 

75. Following will occur if level of electrolyte 
falls below plates : 

(a) Capacity of the cell is reduced 

( b ) Life of the cell is reduced 

(c) Open plates are converted to lead sul¬ 
phate 

( d) All above 

75. Internal resistance of a cell is due to 

(a) resistance of electrolyte 

( b ) electrode resistance 

(c) surface contact resistance between 
electrode and electrolyte 

( d ) all above 

77. The Potier’s triangle separates the 
(a) stator voltage and rotor voltage 
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(b) field m.m.f. and armature m.m.f. 

(c) armature leakage reactance and arma¬ 
ture reaction m.m.f. 

(d) iron losses and copper losses 

78. Which of the following statements is 
correct ? 

(a) The conductivity of ferrits is better 
than ferromagnetic materials 
0 b ) The conductivity of ferromagnetic 
materials is better than ferrites 

(c) The conductivity of ferrites is very 
high 

( d) The conductivity of ferrites is same 
as that of ferromagnetic material 

79. Efficiency is the secondary consideration 
in which of the following plants ? 

(a) Base load plants 

( b) Peak load plants 

(c) Both (a) and ( b) 

(d) None of the above 

80. The breaking capacity of a 3-phase circuit 
breaker is given by 

(a) <3 x service voltage x rated sym¬ 
metrical current 

( b ) 3 x service voltage x rated symetrical 
current 

(c) 2 x service voltage x rated symmetrical 
current 

(d) none of the above 

81. In order to find the full-load efficiency 
of a transformer the losses which must 
be known 

(a) may be found by performing open- 
circuit and short-circuit tests 

( b ) may be found by measuring winding 
resistances and calculating the I 2 R 
losses 

(c) may be found by measuring the input 
to the primary with secondary open 

(d) cannot be found except by actually 
loading the transformer fully 

82. Why the D.C. motors are peferred for 
traction applications ? 

(a) Torque and speed are inversely propor¬ 


tional to armature current 

( b ) Torque is proportional to armature 
current 

(c) Torque is proportional to square root 
of armature current 

(d) The speed is inversely proportional to 
the torque and the torque is propor¬ 
tional to square of armature current 

83. Photovoltaic cell or solar cell converts 

(a) thermal energy into electricity 

(b) electromagnetic radiation directly into 
electricity 

(c) solar radiation into thermal energy 

84. Which of the following relations is incor¬ 
rect ? 

(a) P = VI (b) P = I 2 R 
V V 2 

= F « P = TT 

85. The unit of flux is the same as that of 
(a) reluctance ( b ) resistance 

(c) permanence (d) pole strength 

86. The Biot-Savart’s law is) a general 
modification of 

(a) Kirchhoff’s law 

( b ) Lenz’s law 

(c) Ampere’s law 

(d) Faraday’s law 

87. The rate of rise of current through an 
inductive coil is maximum 

(a) at 63.2% of its maximum steady valinT 
(h) at the start of the current flow 

(c) after one time constant 

(d) near the final maximum value of cur¬ 
rent 

88. Bolted slip ring induction motor is almost 
invariably used for 

(a) water pumps 

(b) jaw crushers 

(c) centrifugal blowers 

(d) none of the above 

89. Which of the following motors have almost 
-constant speed over their full load range? 

(a) A.C. series motors 
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(b) D.C. series motors 

(c) D.C. shunt motors 

(d) Low resistance squirrel cage motors 

( e ) both (c) and ( d) 

90. Capacitance grading of cable implies 

(< a ) use of dielectrics of different per¬ 
meabilities 

(b) grading according to capacitance of 
cables per km length 

(c) cables using single dielectric in dif¬ 
ferent concentrations 

(d) capacitance required to be introduced 
at different lengths to counter the effect 
of inductance 

( e ) none of the above 

91. Most sensitive galvanometer is 
^ (a) elastic galvanometer 

( b ) vibration galvanometer 

(c) Puddle galvanometer 

(( d) spot ballistic galvanometer 

92. Most high speed diesel engines work oh 

(a) Diesel cycle 

( b ) Carnot cycle 

. (c) Dual combustion cycle 
^td) Otto cycle 

93. In case of transformers using cold rolled 
grain oriented steel the area of yoke is 
taken 

(a) equal to that of core 

(b) as 10-15% larger than that of core 

(c) as 15-20% larger than that of core 

(d) as 20-25% larger than that of core 

( e ) none of the above 

94. If the driving force of both the alternators 
running in parallel is changed, this will 
result in change in 

(a) generated voltage 

(b) frequency 

(c) back e.m.f. 

(d) all of the above 

95. When both the inductance and resistance 
of a coil are doubled, the value of 

(a) time constant remains unchanged 

(b) initial rate of rise of current is doubled 


(c) final steady current is doubled 

(d) time constant is halved 

96. A field of force can exist only between 

(a) two molecules 

0 b ) two ions 

(c) two atoms 

(( d) two metal particles 

97. Induction furnaces are employed for which 
of the following ? 

(a) Heat treatment of castings 

( b ) Heating of insulators 

(c) Melting aluminium 

(d) None of the above 

98. For transmission of power over a distance 
of 200 km, the transmission voltage should 
be 

(a) 132 kV (b) 66 kV 

(c) 33 kV (d) 11 kV 

99. In case of.power factor is the highest. 

(a) GLS lamps 

(b) mercury arc lamps 

(c) tube lights 

(d) sodium vapour lamps 

100. In electric discharge lamps light is 
produced by 

(a) cathode ray emission 

(b) ionisation in a gas or vapour 

(c) heating effect of current 

(d) magnetic effect of current 

101. The thickness of insulation provided on 
the conductor depends on 

(a) the magnitude of voltage on the con¬ 
ductor 

( h ) the magnitude of current flowing 
through it 

(c) both (a) and ( h ) 

(d) none of the above 

102. Dielectric- materials are essentially 

(a) insulating materials 

(b) conducting materials 

(c) semiconducting materials 

103. A capacitor with no initial charge at / = 
oo acts 
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(a) voltage source 

(b) current source 

(c) short circuit 

(d) open circuit 

104. In case of D.C. machine winding, number 
of commutator segments is equal to 

(a) number of armature coils 
0 b ) number of armature coil sides 

(c) number of armature conductors 

(d) number of armature turns 

105. A capacitor consists of two 

(a) ceramic plates and one mica disc 

(b) insulators separated by a dielectric 

(c) silver-coated insulators 

(i d) conductors separated by an insulator 

106. Arc blow results in which of the following? 

(a) Non-uniform weld beads 

( b ) Shallow weld puddle giving rise to 
weak weld 

(c) Splashing out of metal from weld 
puddle 

(d) All of the above defects 

107. If the terminals of armature of D.C. motor 
are interchanged, this action will offer 
following kind of braking : 

(a) Regenerative 

(b) Plugging 

(c) Dynamic braking 

(d) None of the above 

(e) Any of the above 

108. “In any linear bilateral network, if a source 
of e.m.f. E in any branch produces a 
current / in any other branch, then same 
e.m.f. acting in the second branch would 
produce the same current I in the first 
branch.” 

The above statement is associated with 

(a) compensation theorem 

(b) superposition theorem 

( c) reciprocity theorem 

( d) none of the above 

109. In an alternator, pitch factor is the ratio 
of the e.m.fs. of 

(a) full pitch winding to short pitch winding 


ll 

( b ) short pitch coil to full pitch coil 

(c) distributed winding to full pitch wind- 
ing 

(d) full pitch winding to concentrated 
winding 

J10. The combined impedance of the circuit 
shown in Fig. TP-1.6 is 

6 o. B-n. 
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Fig. TP-1.6 

(a) (2.5 - j5 ) ohm 

(b) (5 - ;2.5) ohm 

(c) (5 - y 10) ohm 

(d) (5 + j 10) ohm 

111. The Bode plot is used to analyse which 
of the following ? 

(a) Minimum phase network 

(b) Lag lead network 

(c) Maximum phase network 

(d) All phase network 

112. Admittance relay is . relay 

(a) impedance 

( b ) directional 

(c) non-directional 

(d) none of the above 

113. In an alternator, when the load power 
factor is unity 

(a) the armature flux will be demagnetis¬ 
ing 

(b) the armature flux will be cross-mag¬ 
netising 

(c) the armature flux will reduce to zero 

(d) the armature flux will have square 
wave form 

(e) none of the above 

If a single phase induction motor runs 
slower than normal, the most likely defect 
is 

(a) worn bearings 

(b) short-circuit in the winding 


114. 
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(c) open-circuit in the winding 

(d) none of the above 

115. On which of the following factors skin 
effect depends ? 

(a) Frequency of the current 

( b ) Size of the conductor 

(c) Resistivity of the conductor material 

(d) All of the above 

116. In spot welding composition and thickness 
of the base metal decides 

(a) the amount of squeeze pressure 1 

( b ) hold time 

(c) the amount of weld current 

(d) all above 

117. Which gas can be filled in GLS lamps ? 

(a) Oxygen ( b ) Carbondioxide 

(c) Xenon ( d ) Any inert gas 

118. For a D.C. machines laboratory following 
type of D.C. supply will be suitable 

(a) Rotary converter 

( b) Mercury arc rectifier 

(c) Induction motor D.C. generator set 

(d) Syunchronous motor D.C. generator 
set 

119. Conductivity is analogous to 

(a) retentivity (b) resistivity 

( c) permeability (d) inductance 

120. Which of the following motors is generally 
used in toys ? 

(a) Reluctance motor 

( b) Hysteresis motor 
<c) Shaded-pole motor 

(d) Two-value capacitor motor 

121. The main disadvantage of Hopkinson’s 
test for finding efficiency of the shunt 
D.C. motors is that it 

(a) needs one motor and one generator 

( b ) requires two identical shunt machines 

(c) requires full-lod power 

(d) ignores any change in iron loss 

122. Equilizer rings are required in case if 
armature is 

( a ) wave wound' (b) lap wound 
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(c) delta wound ( d) dupled wound 

123. Magnetising force at the centre of a square 
(Fig. TP- 1.7) is given by 



V2 1 / 

(c) A/m (d) -V-r A/m 
na n 2 q 3 


124. Reflectors are provitJed with slits at the 
top to 

(a) introduce chimney effect for cleaning 

(b) reduce colour contrast 
(: c ) reduce heating effect 

(d) do all of the above functions 

125. In an energy meter braking torque is 
produced to 

(a) safeguard it against creep 

(b) brake the instrument 

(c ) bring energy meter to standstill 

( d) maintain steady speed and equal to 
driving torque 

126. The lead-acid cell .should never be dis¬ 
charged beyond 

(a) 1.8 V (b) 1.9 V 

(c) 2 V (d) 2.1 V 

127. The gas filled in vacuum filament lamps 
is 

(a) nitrogen ( b ) argon 

(c) air ( d ) none 

128. A 3-phase induction motor delta-connected 
is carrying too heavy load and one of its 
fuses blows out. Then the motor 

(a) will continue running burning its one 
phase 
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( b ) will continue running burning its two 
phases 

(c) will stop and carry heavy current caus¬ 
ing permanent damage to its winding 

(d) will continue running without any 
harm to the winding 

129. Whenever any polyphase induction motor 
is loaded 

(a) induced e.m.f. decrease and frequency 
increases 

( b ) induced e.m.f. in the rotor remains 
constant 

(c) induced e.m.f. in the rotor increases 
and its frequency also increases 

(d) induced e.m.f. in the rotor increases 
and its frequency falls 

130. A commutating rectifier consists of com¬ 
mutator driven by 

(a) an induction motor 

( b ) a synchronous motor 

(c) a D.C. series motor 

(d) a D.C. shunt motor 

131. Wattmeter cannot be designed on the prin¬ 
ciple of 

(a) electrostatic instrument 

( b) thermocouple instrument 

(c) moving iron instrument 
(</) electrodynamic instrument 

132. Which of the following methods is used 
to control speed of 25 kV, 50 Hz single 
phase traction motors ? 

(a) Reduced current method 

(b) Tap changing control of transformer 

(c) Series-parallel operation of motors 

(d) All of the above 

133- For which of the following locomotives 
the maintenance requirements are the least ? 

(a) Steam locomotives 

(b) Diesel locomotives 

(c) Electric locomotives 

( 1 d) Equal in all of the above 

134. Steel wire is used as 

(a) overhead telephone wire 

( b ) earth wire 


(c) core wire of ACSR 

(d) all of the above 

135 . Starting winding of a single phase motor 
of a refrigerator is disconnected from the 
circuit by means of a 

(a) magnetic relay 

(b) thermal relay 

( c ) centrifugal switch 

(d) none of the above 

136 . If the speed of a D.C. shunt motor is 
increased, the back e.m.f. of the motor 
wil 

(a) increase ( b ) decrease 

(c) remain same (d) become zero 

137 . The ratio of intensity of magnetisation to 
magnetising force is called 

(a) susceptibility 
(h) permeability 

(c) magnetic potential 

(d) none of the above 

138 . The capacitance C is charged through a 
resistance R. The time constants of the 
charging circuit is given by 

(a) C/R \b) 1/RC 

(c) RC ( d) R/C 

139 . A servo-mechanism usually consists of 
(i a ) error actuated signal 

(b) power amplifier 

(c) mechanical output 

(d) all of the above 

140 . The metal rectifiers, as compared to mer¬ 
cury arc rectifiers, 

(a) operate on low temperatures 

(b) can operate on high voltages 

( c ) can operate on heavy loads 

(d) give poor regulation 

(e) none of the above 

141 . Thevenin’s equivalent (E^, R^) for the 

ion. 12 st 
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circuit shown in Fig. TP-1.8 will be 

(a) 20 V, 5.6: £2 (b) 18 V, 4 £2 
(c) 16 V, 3 £2 ( d ) 12 V, 2 £2 

142. Which of the following is linear and 
bilateral parameter ? 

(a) Resistors 

(b) Semi-conductor diodes 

(c) Electron tubes 

(d) Transistors 

143. The substances which combine together 

to store electrical energy during the charge 
are called . materials. 

(a) active ( b ) passive 

(c) inert (d) dielectric 

144. Instrument transformers are 

(a) potential transformers 

( b ) current transformers 

(c) both (a) and ( b) 

(d) power transformers 

145. The self inductances of two coils are 8 
mH and 18 mH. If the co-efficient of 
coupling is 0.5, the mutual inductance of 
the coils is 

(a) 4 mH {b) 5 mH 

(c) 6 mH (d) 12 mH 

146. The relative permittivity of rubber is 

(a) between 2 and 3 
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(b) between 5 and 6 

(c) between 8 and 10 

(d) between 12 and 14 

147. In . fuel transportation cost is least. 

(a) nuclear power plants 

(b) diesel generating plants 

(c) steam power stations 

148. On overcharging a battery 

(a) it will bring about chemical change 
in active materials 

( b ) it will increase the capacity of the 
battery 

(c) it will raise the specific gravity of the 
electrolyte 

(d) none of the above will occur 

149. For which of the following applications 
D.C. motors are still preferred ? 

(a) High efficiency operation 

(b) Reversibility 

(c) Variable speed drive 

(d) High starting torque 

150. In the case of lap winding resultant pitch 
is 

(a) multiplication of front and back pitches 

(b) division of front pitch by back pitch 

(c) sum of front and back pitches 

(d) difference of front and back pitches 


ANSWERS 

(Model Test Paper-1) 
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61. ( b) 

62. (fc) 

66. ( b ) 
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71. (c) ' 

72. (e) 
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86. (c) 

87. (h) 

91. (d) 
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Maximum Marks : 200 

Choose the Correct Answer : 

1. Electrodynamic types of instruments are 
used commonly for the measurement of 

(a) current ( b ) resistance 

(c) voltage (d) power 

2. 48 ampere-hour capacity battery would 
deliver a current of 

(a) 48 amperes for 1 hour 

(b) 24 amperes for 2 hours 

(c) 8 amperes for 6 hours 

(d) 6 amperes for 8 hours 

3. When 240 V D.C. supply is given to an 
unloaded 220 V, 50 Hz transformer 

(a) secondary will carry heavy current 

(b) primary will carry heavy current and 
may possibly bum 

(c) we will get A.C. voltage on Secondary 
side according to turn ratio 

(d) we will get high voltage on secondary 
side 

4. Due to which of the following reasons 
copper and aluminium are not used for 
heating elements? 

(a) Both have great tendency for oxidation 

(b) Both have low melting point , 

(c) Very large length of wires will be 
required 

(d) All of the above 

5. An instrument transformer is used to ex¬ 
tend the range of 

(a) induction instrument 

(b) electrostatic instrument 

(c) moving coil instrument 

(d) any of the above 

6. In capacitance grading of cables we use 

a ..dielectric. 

( a ) composite ( b ) porous 
(c) homogeneous ( d) hygroscopic 


Time : 2 hours 

7. In a magentic material, hysteresis loss 
takes place primarily due to 

(a) rapid reversals of its magnetisation 

(b) flux density lagging behind magnetic 
ing force 

(c) molecular friction 

( d) its high retentivity 

8. For transmission of power over a distance 
of 500 km, the transmission voltage should 
be in the range 

(a) 150 to 200 kV 

(b) 100 to 120 kV 

(c) 60 to 100 kV 

(d) 20 to 50 kV 

9. Which of the following equipment provides 
fluctuating load? 

(a) Exhaust fan 

(b) Lathe machine 

(c) Welding transformer 

(d) All of the above 

10. Pulverised fuel is used for . 

(a) saving fuel 

(b) better burning 

(c) obtaining more heat 

11. On which of the following factors does 
the resolution of a potentiometer depend? 

(a) Size of wire 

(b) Type of contact 

(c) Composition of wire material 

(d) Shape of wire cross-section < 

12. For intermittent work which of the fol- 

t 

lowing furnaces is suitable? 

(a) Indirect arc furnace 

(b) Coreless furnace 

(c) Either of the above 

(d) None of the above 

13. The braking retardation is usually in the 
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range 

(a) 0.15 to 0.30 km phps 

( b ) 0.30 to 0.6 km phphs 

(c) 0.6 to 2.4 km phps 

(d) 3 to 5 km phps 

(e) 10 to 15 km phphs 

14. Three pure inductances are connected as 
shown in Fig. TP-2.1. The equivalent reac¬ 
tance to replace this circuit is 



Fig. TP-2.L 

(a) 0.4 H (b) 0:8 H 

(c) 1.2 H (d) 1.6 H 

15. The core of a coil has a length of 200 
mm. The inductance of coil is 6 mH. If 
the core length is doubled, all other quan¬ 
tities, remaining the same, the inductance 
will be 

(a) 3 mH (b) 12 mH 

(c) 24 mH (d) 48 mH 

16. Which of the following methods is used 
for reduction/elimination of harmonic tor¬ 
ques? 

(a) Chording 

( b ) Integral slot windings 

(c) Skewing 

(d) Increase in air gap length 

(e) All of the above 

17. Voltage across a dielectric produces an 
electrostatic field 50 times greater than 
air. The dielectric constant of the dielectric 
will be 

(a) 5 (b) 10 

(c) 20 (d) 50 

18. Two coils have inductances of 8 mH and 

18 mH and co-efficient of coupling of 
0.5. If the two coils are connected in 
series aiding, the total inductance will be 

(a) 32 mH (b) 38 mH 
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(c) 40 mH (d) 48 mH 

19. The function of poles shoes in the case 
of D.C. machine is 

(a) to reduce the reluctance of the mag¬ 
netic path 

(b) to spread out the flux to achieve 
uniform flux density 

(c) to support the field coil 

(d) to discharge all the above functions 

20. In an induction motor, closed slots are 
preferred for 

(a) small size machines 

( b ) medium size machines 

(c) large size machines 

(d) none of the above 

21. Presence of sulphur in coal will result in 

(a) corroding air heaters 

( b ) spontaneous combustion during coal 
storage 

(c) causing clinkering and slagging 

(d) facilitating ash precipitation 

( e ) all of the above 

22. Secondary air is the air used to 

( a ) reduce the flame length 

( b ) increase the flame length 

(c) transport and dry the coal 

{d) providing air round the burners for 
getting optimum combustion 

23. A permanent magnet 

(a) attracts some substances and repels 
others 

( b ) attracts all paramganetic substances 
and repels others 

(c) attracts only ferromagnetic substances 

(d) attracts ferromagnetic substances and 
repeals all others 

24. Which of the following rectifiers are 
primarily used for charging of low voltage 
batteries for A.C. supply? 

(a) Mechanical rectifiers 

(b) Copper oxide rectifiers 

(c) Selenium rectifiers 

(i d) Electrolytic rectifiers 

(e) Mercury arc rectifiers 
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25. When a bogie negotiates a curve, reduction 
in adhesion occurs resulting in sliding. 
The sliding is acute when 

{a) wheel base of axles is more 

( b ) degree of curvature is more 

(c) both (a) and ( b) 

( d) none of the above 

26. When two alternators are running in exact 
synchronism the synchronising power will 
be 

(a) unity 

( b) zero 

( c ) sum of the output of two 

(d) none of the above 

27. In an alternator if the armature reaction 
produces demagnetisation of the main field, 
the power factor should be 

(a) unity 

(b) zero, lagging load' 

(c) zero, leading load 

( d) none of the above 

28. Cables generally use(f beyond 66 kV are 

{a) oil filled ( b ) S.L. type 

( c ) belted ( d) armoured 

29. Size of a high speed motor as compaed 
to low speed motor for the same H.P. will 
be 

(a) bigger ( b ) smaller 

(c) same (d) any of the above 

30. In order to convert the angular position 
of a shaft into an electric signal, which 
of the following electromagnetic 
transducers can be used? 

(a) A.C. servemotor 

(b) Thermocouple 

(c) Rotary LVDT 

(d) Synchrous 

31. The cirucit has resistors, capacitors and 
semiconductor diodes. The circuit will be 
known as 

(a) non-linear circuit 

(b) linear cirucit 
(c*) bilateral circuit 

(d) none of the above 


32. Which of the following motors one will 
choose to drive the rotary compressor? 

(a) D.C. shunt motor 

(b) D.C. series motor 

(c) Universal motoT~^ 

(d) Synchronous motor 

33. Which of the following rectifiers have 
been used extensively in suplying direct 
current for electroplating? 

(a) Copper oxide rectifiers 

( b ) Selenium rectifiers 

(c) Mercury arc rectifiers 

(d) None of the above 

34. In circuit shown in Fig. TP-2.2 the current 
in the 10Q resistor is i(t) = 12 sin co t. The 
current in 30 Q resistance will be 


300. 

- VSV M' 

o ■ N VVWV- 

200 . 
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lOn. 


o 


Fig .. TP-2.2, 

(a) 36 sin out ( b) 18 sin a>( 

( c ) 9 sin (Of (d) 4 sin (Of 

35. The string efficiency of an insulator can 
be increased by 

(a) correct grading of insulators of various 
capacitances 

( b ) reducing the number of strings 

(c) increasing the number of strings in 
the insulator 

(d) none of the above 

36. Pressure cables arc generally not used 
beyond 

(a) 11 kV (b ) 33 kV 

(c) 66 kV (d) 132 kV 

37. A 3-phase induction motor stator delta 
connected is carrying full load and one 
of its fuses blows out. Then the rotor 

(a) will continue running burning its one 
phase 

( b ) will continue running burning its two 
phases 
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(c) will stop and carry heavy current caus¬ 
ing permanent damage to its winding 

(d) will continue running withou any harm 
to the winding 

38. A pilot exciter is provided on generators 
for which of the following reasons? 

(a) To excite the poles of main exciter 

( b ) To provide requisite starting torque to 
main exciter 

(c) To provide requisite starting torque to 
generator 

(d) None of the above 

39. The capacitance between two plates in¬ 
creases with 

(a) shorter plate area and higher applied 
voltage 

(b) shorter plate area, and shorter distance 
between them 

( c ) larger plate area longer distance bet¬ 
ween plates and higher applied voltage 

(d) larger plate area and shorter distance 
between plates 

40. The root locus plot is symmetrical about 
the real axis because 

(a) complex roots occur is conjugate pairs 

( b ) all roots occur in pairs 

(c) roots occur simultaneously in left hand 
and right hand plane 

(d) all of the above 

41. A transformer is working at its maximum 
efficiency. Its iron loss is 1 kW. Its copper 
loos will be 

(a) 0.2 kW (b) 0.25 kW 

(c) 0.5 kW (d) 1 kW 

42. The dynamic impedance of an R-L and 

C parallel circuit at resonance is.ohm. 

(a) R/LC ( b ) C/LR 

(c) LC/R (d) L/CR 

43. A parallel resonant circuit can be used 

(a) as a high impedance 

C b ) to reject a small band of frequencies 

(c) both (a) and (b) ^ 

(d) to amplify certain frequencies 

44. Which of the following motors has series 


characteristics? 

(a) Shaded pole motor 

(b) Repulsion motor 

(c) Capacitor start motor 

(d) None of the above 

45. If the area of hysteresis loop of a material 
is large, the hysteresis loss in this material 
will be 

(a) zero ( b ) small 

(c) large (d) none of the above 

46. Current density in the rotor bars of an 
induction motor may be taken between 

(a) 1.5 to 2.5 A/mm 2 

( b ) 3 to 4 A/mm 2 

(c) 4 to 7 A/mm 2 

(d) 8 to 10 A/mm 2 

47. The material used for fuse must have 

(a) low melting point and high specific 
resistance 

( b ) low melting point and low specific 
resistance 

(c) high melting point and low specific 
resistance 

(i d ) low melting point and any specific 
resistance 

48. In the circuit shown in Fig. TP-2.3 if the 
resistance of battery is zero and the resis¬ 
tance R is gradually increased, voltameter 
reading will 



Fig. TP-2.3. 

(a) decrease 

(b) increase 

(c) First increase and then decrease 

(d) remain same 

49. In a diesel engine the heal lost to the 
cooling water is 
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(a) 10% (b) 20% 

(c) 30% (d) 70% 

50. Which of the following is the loss within 
the mercury arc rectifier chamber? 

(a) Voltage drop in arc 

( b ) Voltage drop 

( c ) Voltage drop at cathode 

(d) All of the above 

51. Inverter is a circuit which transforms 

(a) A.C. to D.C. (b) A.C. to A.C. 

(c) D.C. to A.C. {d) D.C. to D.C. 

52. The dielectric-absorption loss is due to 

(a) charging of dielectric 

( b ) leakage current 

(c) insufficient dielectric constant 

( d) molecular distortion 

53. The property of a coil carrying a changing 
current to induce a counter e.m.f. is called 

(a) self inductance 

! (b) mutual inductance 

[ ( c ) series aiding inductance 

I (d) series opposing inductance 

54. The period of a periodic wave is 

(a) expressed in volts 

(b) measured in wavelengths 

(c) the same as the frequency 

(d) the time required to complete one 
cycle 

55. Voltage divider circuits use 

(a) only series circuits 

( b ) only parallel circuits 

(c) series parallel circuits 

( d) none of the above 

I 56. In electrical appliances the power-rating 
is determined by 

(a) voltage (b) current 
(c) iron loss (d) copper loss 

57. The capacitor charging current is . 

function. 

(a) a linear rise 

(b) a linear decay 

(c) an exponential growth 

(d) an exponential decay 
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58. Which of the following strain gauge 
transducers has highest sensitivity and 
gauge factor ? 

(a) Semiconductor strain gauge transducer 

( b ) Nichrome V transducer 

(c) Platinum-tungsten alloy transducer 

(d) None of the above 

59. In a R-L series circuit time constant is 
given by 

(a) L/R (b) LR 

(c) LR 2 (<f)' L 2 R 

60. In a bootstrap sweep generator the con¬ 
denser C is charged 

(a) linearly but the discharge is nonlinear 

( b) nonlinearly but the discharge is linear 

(c) and discharged linearly 

(d) any of the above 

61. A cascade (CE-CB) amplifier is used in 
the RF amplifier stage because it gives 

(a) low output impedance 

(b) large isolation between the input and 
the output 

( c ) large voltage gain 

(d) none of the above 

62. ....is used to obtain a square wave form 

from a sawtooth waveform 

(a) Clamper circuit 

( b ) Monostable vibrator 

(c) Astable vibrator 

(d) Schmitt trigger 

63. Which of the following may be used as 
an amplitude comparator ? 

(a) Astable multivibrator 

(b) Bistable multivibrator 

(c) Schmitt trigger 

(< d) Monostable multivibrator 

64. On which of the following the frequency 
of the output wavefrom of a bistable mul¬ 
tivibrator depends ? 

(a) Collector supply voltage, 

(b) Frequency of the trigger signal 

(i c ) Switching speed of the transistors 
{d) None of the above 

65. Rectification diode is made to work in. 
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(a) temperature limited region 

(b) space charge limited region 

(c) either of the above 

(d) none of the above 

66. The SSB can be obtained from balanced 

modulator by connecting a .at its 

output. 

(a) adder ( b ) clipper 

(c) filter (d) buffer 

67. The product modulator essentially is 

(a) an oscillator 

(b) a mixer 

(c) a balanced modulator 

(d) an amplifier 

(e) none of the above 

68. When a sine wave is fed into a Schmitt 
trigger the output in general is 

(a) a rectangular wave 

( b ) a square wave 

(c) a triangular sinewave 

(d) none of the above 

69. A carbon microphone is a variable 
.device. 

(a) capacitance ( b) inductance 
(c) resistance (d) LC 

70. What was launch weight of APPLE ? 

(a) About 470 kg (b) About 570 kg 
(c) About 670 kg (d) About 1200 kg 

71. Choke flange coupling has the advantage 
that 

(a) it helps in the alignment of' the 
waveguide 

( b ) it increases the bandwidth of the sys¬ 
tem 

(c) it is insensitive to frequencies 

(d) it compensates for discontinuities at 
the joint 

72. In a broadcast transmitter the following 
stage is commonly found 

(a) Crystal-controlled oscillator 

(b) Class-C audio-frequency amplifier 

(c) Class-A RF power amplifier 

(d) Any of the above 
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73. For which of the following reasons the 
coupling between the tunnel diode and its 
cavity is kept loose ? 

(a) To provide a large voltage swing 

(b) To increase the frequency stability 

(c) To allow operation at high frequencies 

(d) To increase the available negative 
resistance 

74. For a satellite with time period of 2 hours 

the height above the surface must be 

(a) 500 km ( b ) 1000 km 

(c) 2000 km ( d) 3000 km 

75. With FDMA, transponder bandwidth is 

subdivided into. bandwidtbs which are 

capable of carrying one voice channel 

(a) smaller 

( b ) larger 

(c) either of the above 

(d) none of the above 

76. In a geosynchronous satellite orbital dis¬ 
turbances are - caused by which of the 
following ? 

(a) Sun 

(b) Earth 

(c) Moon 

( d) All of the above 

77. What happenes to the microwave signals 
transmitted towards the sky ? 

(a) They are transmitted through the iono¬ 
sphere 

(b) They are strongly reflected by the 
ionosphere 

(c) They are unable to reach the iono¬ 
sphere because of strong absorption 
in the lower atmosphere 

{d) They are strongly absorbed by the 
ionosphere 

78. Which of the following is the source of 
energy for a satellite ? 

(a) Magneto-hydrogenerator 
lb) Battery 

( c ) Solar cell 

(d) Fuel cell 

79. Reflectors arid lens antennas are commonly 
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used 

(a) above 1000 MHz 

( b ) in the range 10 MHz to 100 MHz 

(c) not beyond 1500 kHz 

( d) in LF communication systems 

80. In S.I. units L 2 MT~ 3 I -2 is the dimension 
of which of the following ? 

(a) Resistance ( b ) Inductance 
(c) Capacitance (d) Flux density 

81. In a digital counter the number of flip-flops 
is 

(a) always odd 

(b) always even 

(c) always 2 

(d) equal to the number of bits required 
in the final binary count 

82. Ripple factors for half wave and full wave 
rectifiers respectively are 

(a) 0.482, 0.482 (b) 1.21, 1.21 

(c) 1.21, 0.482 (d) 0.482, 1.21 

83. Which of the following relations is incor¬ 
rect ? - 

(a) mmf x reluctance = 1 

(b) Conductance x resistance = 1 

(c) Permeability = —-— \ . 

reluctivity 

(d) None of the above 

84 ...impedance is the ratio of tangential 

component of electric field at the surface 
of a conductor and the linear current den¬ 
sity which flow as a result of this field 

(a) Critical (b) Surface 

(c) Characteristic (d) Polarizing 

85. The effect of ground on radiation pattern 
is to 

(a) cause cancellation of radiation along 
the ground 

(b) produce more number of nulls 

(c) both (a), and (b) 

(d) either (a) or (b) 

86. The ratio of tangential component of 
electric field at the surface of a conductor 
and the linear current density resulting 
from this field is........ impedance. 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(a) characteristic (b) critical 
(c) surface (d) polarizing 

87. A. ~j*= 0 is frequently known as 

(a) continuity equation for steady currents 

(b) Laplace equation 

(c) Poisson’s equation 

(d) None of the above 

88. When two sinusoidally time varying vec¬ 
tors having different amplitudes and phases 
are summed up the resulting vector is 
.polarized. 

(a) elliptically (b) spherically 
(c) linearly (d) circularly 

89. Characteristic wave impredance is 

(a) e/p (b) (e/|x) 1/2 

(c) E/Hy (d) p/e 

90. A group of electronic, magnetic or 
mechanical devices that store data is called 
(a) program (b) software 

(c) register (d) address 

91. Programs written to cause computers to 
function in a desired way are called 

(a) facts (b) codes 

(c) instructions (d) software 

92 .....time is shortest interval between .pul¬ 

ses with which a binary will switch from 
one state to another. 

(a) Delay (b) Resolving 
(c) Rise (d) Relaxation 

93 ....gate is a two level logic gate. 

(a) AND (b) NAND 
(c) NOT (d) EX. OR 

94. Under simplex telegraphy system 

(a) signals can neither be sent nor received 

(b) signals can only be sent 

(c) signals can only be received 

(d) A signal can either be sent or received 
from another station at a time 

95. Which of the following is the most im¬ 
portant technique used for stability and 
transient response of the system ? 

(a) ' Boda plot 

(b) Root locus 
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(c) Routh Hurwitz Criterion 
id) Nyquist plot 

96. The wavelength of 1 mm could be expected 
in 

(a) HF (b) VHF 

(c) VLF (d) EHF 

97. The maximum overshoot is a function of 

(a) natural frequency of oscillation 

(b) damped frequency of oscillation 

(c) damping ratio 

(d) none of the above 

98. In a control system integral error com¬ 
pensation 

(a) increases steady state error 

ib) minimizes steady state error 

(c) does not have any effect on. steady 
state error 

{d) none of the above 

99. A cyclotron is a 

ia) high frequency oscillator 

(b) particle accelerator 

( c ) bunch of gamma rays 

( d) none of the above 

100. Which of the following has the highest 
resistivity? 

ia) Mineral oil (b) Paraffin wax 
(c) Air (d) Mica 

101. Deflection sensitivity of a CRT is.dis¬ 

tance between the deflecting plates and 
screen. 

ia) independent of 

(b) directly proportional to 

(c) inversely proportional to 

( d) any of the above 

102. Frequency at which the gain of opamp is 
zero decibel is called 

(a) °c cut off frequency 

(b) (i cut off frequency 

(c) gain crossover frequency 

(d) unity gain cross over the frequency 

103. Which of the following is an advantage 
of the direct coupled binary circuit ? 

(a) Low power, dissipation 
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(b) Extreme simplicity 

(c) Transistors with low breakdown volt¬ 
age may be used 

id) All of the above 

104. For a difference amplifier CMRR (common 
mode rejection ratio) should be 

(a) as small as possible 

( b ) as large as possible 

(c) unity 
id) zero 

105. In VHF oscillator using butterfly capacitor, 
what happens with the rotation of the rotor 
shaft ? 

(a) Only capacitance changes 

(b) Only inductance changes 

(c) Both (a) and ib) 
id) None of the above 

106. For a periodic function the spectral density 
and the autocorrelation functions are 

(a) one and the same thing 

(b) Fourier transform pair 

(c) Laplace transform pair 
id) none of the above 

107. Wien bridge is usually used for the meas¬ 
urement of which of the following ? 

(a) Frequency ib) Capacitance 

ic) Resistance id) Inductance 

108.microphone does not require polaris¬ 

ing current. 

(a) Carbon 

ib) Crystal 

id) Condenser 

id) All of the above 

109. The logarithmic amplifier finds application 
in" 

ia) divider 

ib) adder 

(c) multiplier 

id) both ia) and (c) 

110. Oscillator is an electronic device which gives 

ia) D.C output with external D.C. input 

ib) D.C. output for A.C. input 

ic) A.C. power output without external 
A.C. input 
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id) A.C. power output for A.C. input 

111. In a CRO, the colour of the spot on the 
screen is a characteristic of 

(a) the velocity of the electrons striking 
the screen 

( b) the coating material of the screen 

(c) electron gun in a CRT 

id) the type of the waveform being ob¬ 
served 

112. According to algebra of logic (A + A) 
equals 

id) 0 ib) 1 _ 

(c) A id) AA 

113. The binary division 11000 2 + 100 2 gives 

id) 11 ib) 101 

(c) 110 id) 1100 

114. Octal coding involves, grouping the bits 
in 

id) 3’s ib) 4’s 

(c) 5’s (d) Ts 

115. The number 17 g is equivalent to binary 

id) 111 ib) 1110 

ic) 1111 id) 10000 

116. The-output of a ?-input OR gate is zero 
only when its 

(a) either input is 0 

(b) either input is 1 

ic) both inputs are 0 

id) both inputs are 1 

117* By which of the following, the tracking 
between RF amplifier and local oscillator 
stages of a receiver is obtained ? 
id) A ganged tuning arrangement 

ib) Tracking circuits 

(c) Variable tuning capacitors 
id) Variable tuning inductors 

118. Which of the following 4-bit combina¬ 

tion^) is/are invalid in the BCD code ? 
id) 0010 ib) 0101 

(c) 1000 id) 1010 

119. The number 100101 2 is equal to octal. 

ia) 25 ib) 37 

(c) 45 id) 54 


120. A unique advantageous feature of CMOS 
logic family is its 

ia) speed 

ib) use of NMOS circuits 

ic) dependence on frequency' for power 
dissipation 

id) power dissipation in nanowatt range 

121. The two outputs of RS flip-flop are 

ia) always high 

ib) always low 

ic) either low or high 

id) always complementary 

122. An A/D converter uses for reference pur¬ 
poses 

(a) a flip-flop 

ib) a sawtooth generator 

ic) d.c. voltage 

id) set of keys 

123. FM transmitters as compared to AM trans¬ 
mitters are 

id) less costly 
ib) less efficient 
ib) equally efficient 
id) more efficient 

124. Which of the following is the characteristic 
feature of the Kuka spot-welding robot ? 

ia) It has small work volume 

ib) It has six degrees of freedom 

ic) It is a gantry robot 

id) It possesses poor repeatability 

ie) None of the above 

125. In 8355, the ROM is organised as 
.words of 8 bits each. 

ia) 2048 ib) 3048 

(c) 4048 id) 5048 

126. A tank circuit is a ..circuit. 

(a) parallel RC ib) series RC 
(c) parallel LC id) series LC 

127. Which of the following is an advantage 

of Nyquist stability test ? ( 

ia) Its ability to indicate how to stabilise 
an unstable system 

ib) Its applicability to experimental results 
of frequency response open-loop sys- 
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tern 

(c) Its ability to predict its closed loop 
stability from open-loop results 
0 d ) All of the above 

128. In filter circuits the function of bleeder 
resistance is to 

(a) provide discharge path to capacitors 
so that output becomes zero when the 
circuit has been de-energised 

( b ) maintain minimum current necessary 
for optimum inductor filter operation 

(c) work as voltage divider in order to 
provide variable output from the supply 

(d) all of the above 

129. The address to a which a software or 

hardware restart branches is known as 

(a) TRAP (b) SOD 

(c) SID ( d) Vector location 

130. A triac is a .switch. 

(a) unidirectional 

(b) bidirectional 

(c) either of the above 

(d) none of the above 

131. SCR is* 

(a) three layer two terminal device 

( b ) three layer three terminal device 

(c) four layer two terminal device 

( d ) four layer three terminal device 

132. For the operation of enhancement- only 
N-channel MOSFET, value of gate voltage 
has to be 

(a) zero ( b) low positive 

(c) high positive (d) high negative 

133. Which of the following statements is cor¬ 
rect regarding a JFET operating above 
pinch-off voltage ? 

(a) The depletion regions become smaller 

( b ) The drain current starts decreasing 

(c) The drain current remains practically 
constant 

( d) The drain current increases steeply 

134. The operation of a JFET involves a Dow 
of 

(a) minority carriers 
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( h ) majority carriers 

(c) recombination carriers 

(d) any of the above 

135. When the positive voltage on the gate of 
a P-channel JFET is increased the drain 
current will 

(a) increase 
0 b ) decrease 

(c) remain same 

(d) any of the above 

136. Hall effect can be used to measure 

(a) carrier concentration 

( b ) electric field intensity 

(c) magnetic field intensity 

(d) none of the above 

137. A class-B amplifier is biased 

(a) at the midpoint of load line 

(b) just at cut-off 

(c) nearly twice cut-off 

(d) so that I B just equals I r 

( e ) none of the above 

138. As compared to analog computers, digital 
computers are more widely used because 
they are 

(a) easier to maintain 

( b ) useful over wider ranges of problem 
types 

(c) less expensive 

(d) always more accurate and faster 

139. In a full adder there are 

(a) three binary digit inputs and three 
binary digit outputs 

(b) three binary digit inputs and two binary 
outputs 

(c) two binary number inputs and two 
outputs 

(d) none of the above 

140. Generally .flip-flops are used in shift 

registers 

(a) D (b) T 

(c) SR (d) JK 

141. In octal system the value of 2 5 is 

(a) 20 (by 40 

(c) 200 (d) 400 
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142. To increase the Q-factor of an inductor it 
is wound with 

(a) longer wire (b) coiled coil wire 
(c) thicker wire (d) thinner wire 

143. A network is said to be non-linear if it 
does not satisfy 

(a) associative condition 
0 b) superposition theorem 

(c) homogeneity condition 

(d) both ( b ) and (c) 

144. The function y(s) = (2s 2 + 2s + 1)/ 
(s 2 +2s +2) is a 

(a) Hurwitz polynomial 

( b) positive real function 

(c) not a positive real function 

(d) none of the above 

145. By the use of which of the following 
impedance inversion is obtained ? 

(a) Full wave line 

(b) Half wave line 

(c) Quarter wave line 

(d) Baiun transformer 

146. To solve differential equations numerically 
which of the following methods is used? 

(a) Newton-Raphson method 

( b ) Gauss-elimination method 

(c) Runga-Kutta method 
(c) Any of the above 

147. For implementation of all functions of the 
basic logic functions it suffices to have 

(a) NOT 

( b) AND NOT 

(c) OR 

(d) none of the above 

148. Which of the following is the simplified 
version o f the B oolean expression A B+ 
ABC_+ (A+B+C) 

(a) AB + BC (b) AB + BC 
(c) AB + BC (d) AB + BC 

149. Zero initial condition means that the system 
is 

(a) at rest and no energy is stored in any 
of its components 

(b) working with zero stored energy 


(c) working with zero reference signal 

(d) none of the above 

150. What is the lifetime of a geosynchronous 
communication satellite ? 

(a) About 2 years 

(b) About 5 years 

( c ) About 10 years 

(d) About 40 years 

151. In a superheterodyne receiver the frequency 

of local oscillator is . that of incoming 

signal 

(a) half 

(b) slightly less than 

(c) equal to 

(d) higher than 

152. The number of satellites needed for global 
communication is 

(«) 1 (b) 2 

(c) 3 (d) 8 

153. In a coaxial line, TEM mode 

(a) disallows D.C. current 

(. h) has no cut off wavelength 

(c) either of the above 

(d) none of the above 

154. Very heavy rain causes. noise at earth 

stations than all other noise sources com¬ 
bined together 

(a) less 

(b) more 

(c) either of the above 

( d) none of the above 

155. For the construction of tunnel diode, silicon 
is not used due to all of the following 
reasons except 

(a) low ion mobility 

(b ) difficult to work at 

(c) high noise 

(d) high forbidden gap . 

156. With reference to a piston attenuator which 
of the following statements is correct ? 

(a) It is a vane attenuator 

(b) It is a flat attenuator 

(c) It is a mode filter 

(d) It is a waveguide below cut off 
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157. Which of the following microwave diodes 
is suitable for very low power oscillators 
only ? 

(a) IMPATT ( b ) TUNNEL 
(c) LSA (d) GUNN 

158. In order to reduce cross-sectional dimen¬ 
sions, the waveguide to be used should 
be 

{a) rectangular ( b) circular 
(c) rigid ( d ) flexible 

159. Which semiconductor device behaves like 
two SCRs ? 

(a) MOSFET (b) JFET 
(c) UJT (d) Triac 

160. Silicon devices are preferred at high 
temperature operations as compared to ger¬ 
manium because 

(a) silicon can dissipate more power 

( b ) reverse saturation current is le^s in 
case of silicon 

(c) silicon is more thermally stable 

(d) all of the above 

161. Which of the following is an advantage 
of an alloy transistor ? 

(a) Low saturation resistance 

( b ) Better low frequency response 

(c) High cut-off frequency 

( d ) High saturation resistance 

162. The bandwidth of an amplifier can be 
reduced by which of the following ? 

(a) Lead compensation 

(b) Dominant pole compensation 

(c) Miller effect compensation 
(< d) Pole zero compensation 

163. The CE amplifier using unbypassed resistor 
in the emitter lead is a negative feedback 
amplifier using feedback as 

(a) voltage series ( b ) voltage shunt 
(c) current series (d) current shunt 

164. Which of the following is the main ad¬ 
vantage of an emitter-follower ? 

(a) Minimum distortion 

(b) .Maximum efficiency 

(c) Maximum gain 
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(d) Maximum output impedance 

165. The input resistance of the transistor when 

used in CB configuration is about.ohms. 

(a) 12 ( b) 16 

(c) 30 id) 48 

166. .amplifier has the highest input im¬ 

pedance. 

(a) Cascaded 

(b) Darlington 

( c ) Boot strap Darlington 

(d) Cascode 

167. A LASCR is just like a conventional SCR 
except that it 

(a) has no gate terminal 

(b) can also be light-triggered 

(c) cannot carry large current 
(i d ) cannot be pulse-triggered 

168. Which of the following modes is used to 
extract information from storage ? 

(a) Read and write mode 
( h ) Read mode 
(c) Write mode 

{d) Neither read nor write mode 

169. The logic 1 in positive logic system is 
represented by 

(a) negative voltage 

( b ) zero voltage 

(c) lower voltage level 

(d) higher voltage level 

170. Which gale corresponds to the action of 
parallel switches ? 

(a) AND gate (b) NAND gate 
(c) OR gate {d) NOR gate 

171. Which of the following systems is digital? 

(a) PCM (b) PWM 

(c) PPM (d) PFM 

172. Co-axial cables can be used for..fre¬ 

quency 

(a) 100 MHz (b) 200 MHz 
(c) 1000 MHz (d) 3000 MHz 

173. For a design of a binary counter preferred 
type of flip-Hop is 

(a) Latch (b) JK-lype 
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(c) SR-type ( d) D-type 

174. A low Q factor has 

(a) higher losses and flat response 

( b ) packed response 

( c ) flat response 

(d) power losses 

175. Which of the following statements for a 
typical medium gain IC opamp is correct ? 
{a) It has an open-loop gain of about 500 

(b) It has an open-loop gain of about 
2500 

(c) It has only one input terminal 

(d) It is only suitable for use at low 
frequencies 

176. Time constant for differentiator and inte¬ 
grator should be .respectively. 

(a) large and small 

( b ) small and large 

( c) small for both 

( d ) large for both 

177. Which of the following is an advantage 
of VTVM ? 

(< a ) Light weight and compact 

(b) No warm up time needed 
. (c) Can be battery operated 

(d) All of the above 

178. Because of which of the following, quartz 
crystal oscillators are most frequently used? 

(a) High Q and high stability 

(b) High Q and low stability 

(c) Low Q and low stability 

(d) Low Q and high stability 

179. ... ....is a junction that is formed by adding 
controlled amount of an inpurity to the 
melt during crystal growth. 

(a) Doped junction 

( b ) Fused junction 

(c) Unijunction 

(d) Alloy junction 

180. Machine language 

(a) differs from computer to computer 

(b) is the only language which computer 
can understand 

(c) both (a) and ( b) 
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(d) none of the above 

181.is synchronous. 

(a) Full adder 

(b) Half adder 

(c) Clocked R-S flip-flop 

(d) R-S flip-flop 

182. Which of the following binary addition is 
incorrect ? 

(a) 1 + 1 = 0 (b) 0 + l = 1 

(c) 0 + 0 =■ 0 (d) 1 + 0 = 1 

183. The voltage source in series resonance 
circuit is 

(a) zero resistance 

(b) low resistance 

(c) high resistance 

(d) none of the above 

184. An impedance is capacitive if 

(a) only if X L = 0 

(b) X L <X C 

(c) X L >X C 

(d) R = 0 

185. A good controksystem has all the following 
features except 

(a) good stability 

(b) slow response 

(c) good accuracy 

(d) sufficient power handling capacity 

186. Saturation is the result of 

(a) space charge region depleted 

(b) too low plate voltage 

(c ) too high filament temperature 

(d) too low plate temperature 

187. A planar graph has six branches and three 

meshes. Then the number of nodes is 
(a) two ( b ) three 

(c) four (d) six 

188. When two 2-port networks are connected 

in tandem it is convenient to use . 

parameters. 

(a) short-circuit admittance 

( b ) hybrid 

(c) open-ciuuit impedance 

(d) transmission 
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189. A square comer reflector is used in which 
of the following ? 

(a) Radio astronomy 

(b) TV broadcast 

(c) Point to point communication 

( d) All of the above 

190. In a charging RC circuit the polarity of 
the voltage drop across a resistor is 

(a) same to its polarity when the network 
is discharging 

(b) opposite to its polarity when the net¬ 
work is discharging 

(c) opposite for sometime and then same 
for the remaining duration 

(■ d ) none of the above 

191. The power factor for a circuit is of the 
order of 

(a) 0.2 (b) 0.4 

(c) 0.6 (d) 0.8 

192. A passive network has 

(a) no voltage or current sources 

( b ) no voltage source but current sources 

(c) no current source but voltage sources 
(cf) none of the above 

193o The resistance of a wire depends on its 

( a ) colour 
(, b ) humidity 

(c) number of neutrons 

(d) temperature 

194. Microprogram is 

(a) the name of program of very small 
size 

( b ) the name of the source program in, 
microcomputers 

(c) the set of instructions indicating the 
primitive operation in a system 

(d) none of the above 
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195. Fourier’s series expansion of an odd 
periodic function contains 

(a) sine terms only 

(b) cosine terms only 

(c) both (a) and (b) 

(d) none of the above 

196. In a linear network if all the ft sources 
are multiplied by a constant z, then the 
response gets multiplied by 

(a) z ( b ) z/n 

(c) n/z (d) zn 

197. For which of the following purposes 
travelling wave parametric amplifier is 
used ? 

(a) To provide greater bandwidth 

(b) To avoid need for cooling- 

( c ) To prevent noise feedback 

(d) To provide greater gain 

198. In cavity magnetron a magnetic field is 
used 

(a) to ensure that the electrons will orbit 
around the cathode 

(b) to help in focusing the electron beam, 
thus preventing spreading 

(c) to ensure that the oscillations /lire 
pulsed 

(d) to prevent anode current in the absence 
of oscillations 

199. .is the standard reference antenna for 

the directive gain. 

(a) Elementary dipole 

(b) Half wave dipole 

(c) Isotropic antenna 

(d) Infinite single dipole 

200. The maximum efficiency of-a_full-wave 
rectifier is around 

(ci) 90 percent ( b ) 81 percent 

(c) 40 percent (d) none of the above 
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Choose the 

Current Answer : 
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(Model Test Paper-2) 



1. id) 

2. (of) 

3. ( b) 

4. {d) 

5. (a) 

6. (a) 

7. (J) 

8. (a) 

9. (c) 

10. (/>) 

11. (a) 

12. (a) 

13. (d) 

14. ( b) 

15. (a) 

16. (e) 

17. {d) 

18. (b) 

19. id) 

20. (a) 

21. ie) 

22. (</) 

23. (a) 

24. (J) 

25. ic) 

26. (b) 

27. (fc) 

28. (a) 

29. ( b) 

30. id) 

31. (a) 

32. id) 

33. ( b ) 

34. (J) 

35. (a) 

36. (c) 

37. (a) 

38. (a) 

39. id) 

40. (a) 

41. (d) 

42. id) 
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45. (c) 

46. ic) 

47. (a) 

48. (d) 

49. (c) 

50. (d) 
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52. (a) 
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55. (c) 
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58. (a) 
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60. (a) 
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62. (d) 
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65. (/?) 
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68. (fc) 

69. (c) 

70. (c) 

71. (d) 

72. (a) 

73. (b) 
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76. (d) 
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81. (d) 
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88. (a) 
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106. (b) 
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112. ( b) 

113. (c) 
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157. (b) 
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195. (a) 
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197. (a) 
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200. ib) 
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Maximum Marks : 200 

Choose the Correct Answer : 

1. One D.C. motor drives another D.C. motor. 
The second D.C. motor when excited and 
driven 

(a) runs as a generator 

(b) does not run as a generator 

(c) also runs as a motor 

(d) comes to stop after sometime 

2. In sodium vapour lamp neon gas 

(a) acts as a shield around the filament 

(b) assists in developing enough heat to 
vaporize the sodium 

( c ) change the colour of light 

( d) prevents the vaporization of filament 

3. As per the name plate of a transfofmer, 
the secondary normal voltage is 220V. 
Which of the following statements about 
it is correct ? 

(a) [ 220V is the no-load voltage 

(b) The no-load voltage is more, than 220 
V 

(c) The secondary voltage increases with 

increasing load 1 

(d) At a load which draws the rated current 
the voltage becomes less than 220 V 

4. The electrostatic stress in underground 
cables is 

(a) zero at the conductor as well as on 
the sheath 

(b) same at the conductor and sheath 

( c ) minimum at the conductor and mini¬ 
mum at the sheath 

( d) maximum at the conductor and min¬ 
imum a the sheath 

5. What will happen to an insulating medium 

if voltage more than the breakdown voltage 
is applied on it? . 

(a) It will become magnetic 


V 

V 


Time : 2 hours 

(b) It will melt 

(c) It will get punctured or cracked 
(i d) Its molecular structure will get changed 

6. Over fluxing protection is recommended 
for 

(a) distribution transformer 

( b ) generator transformer of the power 
plant 

(c) auto transformer of the power plant 

(i d) station transformer of the power plaijt 

* 

7. In a transformer, if the magnitude of mag¬ 
netizing current is more 

(a) its power factor will become low on 
leading side 

(b) its power factor will become low on 
lagging ..side 

( c ) it has no effect on the power factor 
of the transsformer 

( d) none of the above 

8. The ammeter reading in the circuit shown 
in Fig. TP-3.1 will be 

f— 

230V 

t_ 

Fig. TP-3.1. 

(a) 12 A (b) 15 A 

(c) 20 A (</) 36.6 A 

9. In the circuit if the battery has some finite 
resistance, voltmeter reading will 

(a) increase 

(b) decrease 

(c) first increase and then decrease 

(d) remain same 

10. A 40 W bulb is connected in series with 
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a room heater. If now 40 W bulb is 
replaced by 100 W bulb, the heater output 
will 

(a) decrease 
(, b ) increase 

(c) reamin same 

(d) heater will burn out 

11. In seam welding 

(a) the work piece is fixed and disc 
electrodes move 

(b) the work piece moves but rotating 
electrodes are fixed 

(c) any of the above 
(i d) none of the above 

12. In the given circuit shown in Fig. TP-3.2, 
the Kirchhoff’s current law at the point 
L is applied. Which of the following rela¬ 
tion is correct? 


I 3 l *1 R 1 



Fig. TP-3.2. 

(a) I 1 -(I 2 + I 3 ) = 0 

(b) I, = I 2 -I 3 

(c) Ij +I 2 — I 3 = 0 
(rf) Ij +1 2 +1 3 = 0 

13. Rotor of a motor is usually supported on 

..bearings. 

(a) ball or roller ( b ) needle 
(c) bush ( d) thrust 

14. An e.m.f. of 16 volts is induced in a coil 
of inductance 4 H. The rate of change of 
current must be 

(a) 64 A/s ( b ) 32 A/s 

(c) 16 A/s (d) 4 A/s 

15. The fictitious part of synchronous reactance 
takes care of 

(a) inductive reactance 

(b) armature reaction 


(c) voltage regulation 

(d) none of the above 

,( 

16. Centrifugal switch disconnects the 
auxiliary winding of the motor at about 
. percent of synchronous speed. 

(a) 30 to 40 ( b ) 70 to 80 

(c) 80 to 90 (d) 100 

17. Which of the following quantities remain 

the same in all parts of a series circuit? 
(a) Voltage (b) Current 

(c) Power (d) Resistance 

18. Which of the following happens in Kando 
o system? 

(a) Three phase A.C. is converted into 
D.C. 

(b) Single phase A.C. is converted into 
D.C. 

( c ) Single phase supply is converted into 
three phase system 

(d) None of the above 

19. Which of the following, in a thermal 
power plant, is not a fixed cost? 

(a) Fuel cost 

(b) Interest on capital 

(c) Depreciation 

( d) Increase charges 

20. If the fault occurs near the impedance 
relay, the V/I ratio will be 

(a) constant for all distances 

(b) lower than that of if fault occurs away 
from the relay 

(c) higher than that of it fault occurs 
away from the relay 

(d) none of the above 

21.will offer the least load. 

(a) Vacuum cleaner 

(b) Television 

(c) Hair dryer 

(d) Electric shaver 

22. While performing back to back test, the 
amount of power consumed is equal to 

(a) iron and copper losses of two trans¬ 
formers at full load 

(b) full load rated output of the two trans- 
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formers 

(c) rated output of two transformers and 
iron and copper losses of transformers 
at full load 

(d) none of the above 

23. While comparing magnetic and electric 
circuits, the flux of magnetic circuit is 
compared with which parameter of electri¬ 
cal circuit? 

(a) E.m.f. 

(b) Current 

(c) Current density 

(d) Conductivity 

24. Which of the following will happen if a 
voltmeter is connected like an ammeter 
in series to the load? 

(a) There will be almost no current in 
the circuit 

(b) The measurement will be too high 

(c) The meter will bum out 

( d) A very high current will flow 

25. The breakdown of insulation of the cable 
can be avoided economically by the use 
of 

(a) inter-sheaths 

(b) insulating materials with different 
dielectric constants 

( c ) both (a) and (b) 

(d) none of the above 

26 .is the property of absorbing moisture 

from atmosphere. 

(a) Solubility (b) Viscosity 
(c) Porosity (d) Hygroscopicity 

27. Increased heat due to shorter arc is harmful 
on account of 

(a) under-cutting of base material 

( b ) bum through 

(c) excessive porosity 

(d) all of the above 

28. Speed control by varying the armature 
circuit resistance, in a D.C. motor, provides 
a 

(a) constant torque drive 

( b ) variable torque drive 


( c ) constant power drive 

(d) variable power drive 

29. Which medium has the least dielectric 
strength? 

(a) Paraffine wax 

( b ) Quartz 

(c) Glass 

(d) Air 

30. Temperature attained by cylindrical 
parabolic collector is of the range of 
(a) 50 to 100°C (b) 100 to 150°C 

(c) 150 to 300° C {d) 300 to 500°C 

31. A substnace whose molecules consist of 
dissimilar atoms is called 

(a) semiconductor 

(b) superconductor 

( c ) compound 

(d) insulator 

32. The coupling angle or load angle of 
synchronous motor is defined as the angle 
between the 

(a) rotor and stator teeth 

(b) rotor and the stator poles of opposite 
polarity 

(c) rotor and the stator poles of the same 
polarity 

(d) none of the above 

33. Substances whose specific resistance 
abruptly decreases at very low temperature 
are called 

(a) insulators 

(b) conductors 

(c) semiconductors 

(d) superconductors 

34. 1 micro volt is 

(a) 1 x 10- 3 V (b) lx 10- 4 V 
(c) 1 x 10- 5 V (d) lx 10- 6 V 

35. An electric filament bulb can be worked 
from 

(a) D.C. supply only 

(b) A.C. supply only 

(c) Battery supply only 

(d) All above 
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36. Which of the following materials is used 

for making coils of standard resistances? 
{a) Copper ( b ) Nichrome 

(c) Platinum (d) Manganin 

37. Total cost of a diesel power plant per kW 
of installed capacity is less than that of 
steam power plant by 

(a) 5 to 10% (b) 20 to 30% 

(c) 40 to 50% (d) 70 to 80% 

38. Which of the following kind of breakdown 
is possible in soild dielectries? 

(a) Electrothermal breakdown 

( b ) Purely electrical breakdown 

(c) Electrochemical breakdown 
(i d) All of the above 

39. A pyranometer is used for measurement 
of 

(a) direct radiation only 

( b ) diffuse radiation only 

(c) direct as well as diffuse radiation 

40. The series field of a short-shunt D.C. 
generator is excited by 

(a) ^external current 

( b ) armature current 

(c) shunt current 

(d) load current 

41. Caking coals are those which 

(a) bum completely 

( b ) bum freely 

(c) do not form ash 

(d) form lumps or masses of coke 

42. Resistance welding cannot be used for 

(a) dielectrics 

( b ) ferrous materials 

(c) non-ferrous metals 

(d) any of the above 

43. The armature voltage control of D.C. motor 
provides 

(a) constant voltage drive 

( b) constant current drive 

(c) constant torque drive 

(d) none of the above 

44. I volt/metre is same as 
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(a) 1 metre/coulomb 

(b) 1 newton metre 

(c) 1 newton/metre 

(d) 1 joule/coulomb 

45. Which of the follwoing tests can be con¬ 
ducted on all types of D.C. machines? 

(a) Hopkinson’s test 

( b ) Running down test 

(c) Block rotor test 

(d) Field test 
(< e ) Brake test 

46. The minimum number of wattrmeters re¬ 
quired to measure power in an unbalanced 
three-wire system is 

; (a) one ( h ) two 

(c) three ( d ) four 

47. The moisture absorbed by an insulating 
material causes which of the following? 

(a) A decrease in the volume resistivity, 
especially surface resistivity 

(b) An increase in the dissipation factor 
and a certain increase in dielectric 
constant 

(c) Decrease in dielectric strength due to 
change in field distribution within the 
insulating material 

48. A multimeter consists of 

(a) voltmeter and current meter 

(b) voltemeter and ohm meter 

(c) current meter and ohm meter 

(#) voltemeter, current meter anrd ohm 
meter 

49. The ratio of piston stroke to bore of 
cylinder for internal combustion engines 
varies between 

(a) 0.9 to 1.9 ( b) 0.5 to 0.8 
(c) 0.3 to 0.6 ( d ) 0.1 to 0.2 

50. An electrodynamic meter can be used to 
measure 

(a) A.C. voltages 

( b ) D.C. voltages 

(c) both (a) and ( b ) 

(d) none of the above 

51. Capacitors lose energy due to dielectric 
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(b) 1 newton metre 
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(d) 1 joule/coulomb 

45. Which of the follwoing tests can be con¬ 
ducted on all types of D.C. machines? 

(a) Hopkinson’s test 

(b) Running down test 

(c) Block rotor test 

(d) Field test 
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46. The minimum number of wattmeters re¬ 
quired to measure power in an unbalanced 
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47. The moisture absorbed by an insulating 
material causes which of the following? 

(a) A decrease in the volume resistivity, 
especially surface resistivity 
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and a certain increase in dielectric 
constant 
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51. Capacitors lose energy due to dielectric 
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distortion, this type of loss is called 

(a) leakage loss 

( b ) dielectric absorption loss 

(c) dielectric hysteresis loss 

(d) dielectric distortion loss 

52. The standard secondary voltage for a P.T. 
is 

(a) 10 V (b) 50 V 

(c) 80 V (d) 110 V 

53. The scale factor for half wave and full 

wave rectifier is . respectively. 

(a) 1.11, 1.414 ( b ) 1.11, L57 
(c) 1.57, 1.11 (d) 1.414, 1.11 

54. The capacitance of a prototype high pass 
filter is given by 

(a) 47T//RQ (b) f c J 47tRo 

(c) lMn/^ (d) 47c/ c /Ro 

55. When a field around a coil collapses it 

(a) tends to aid current flow reversal 

( b ) tends to oppose the decay of coil 
current 

(c) helps the decay of coil current 

(d) does not affect coil current flow 

56. Due to which of the following reasons 
some digitial computers are called decimal 
computers? 

(a) Each decimal digit is separately coded 
in binary 

(b) Each memory element in such com¬ 
puters has 10 distinct stable states 

(c) Decimal numbers can be read in such 
computers 

(d) None of the above 

57. A floppy disc is 

(a) an aluminium disc coated with mag¬ 
netic oxide of iron 

0 b ) a thin magnetic oxide disc coated with 
magnetic oxide 

(c) a thin magnetic oxide disc coated with 
plastic 

{d) none of the above 

58. The following technology is used for stand¬ 
ard microprocessors. 
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(a) CMOS (b) N'MOS 

(c) PMOS (d) any of the above 

59. A string of binary digits treated as a unit 
is called a 

(a) word (b) bit 

(c) byte (d) character 

60. What will be the power saving if the 
current of a 100 percent modulated AM 
transmitter is suppressed? 

(a) 25 percent ( b ) 50 percent 
(c) 66.6 percent (d) 90 percent 

61. The ratio of voltage reflected from the 
load to the voltage applied to the load is 
called the 

(a) return loss ( b ) reflection loss 
(c) S.W.R. (d) none of the above 

62. Which of the following statements in case 
of a vaccum diode is correct ? 

(a) Filament emits electrons and plate volt¬ 
age is positive with respect to cathode 

( b ) Cathode emits electrons and the plate 
voltage is negative with respect to 
cathode 

(c) Filament emits electrons and plate volt¬ 
age is negative with respect to cathode 

( d) Cathode emits electrons and plate volt¬ 
age is positive with respect to cathode 

63. In a superhet receiver, high frequency 

(a) improves selectivity 

(b) reduces adjacent channel rejection 

(c) reduces tracing problem 

(d) none of the above 

64. Base modulation, as compared to collector 
modulation of a transistor, has 

(a) lower modulating power requirements 

(b) higher efficiency 

(c) higher power output 

(d) higher linearity 

65. The modulating index, for a PM signal, 
depends upon which of the following? 

(a) Only the amplitude of the modulating 
signal 

(b) Only the frequency of the modulating 
signal 
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(c) Both the amplitude and frequency of 
the modulating signal 

( d) The frequncy of the carrier signal 
amongst other things 

66. Frequency and phase modulations differ 
in which of the following? 

(a) Their actual waveform 
(ft) Compatibility towards each other 

( c ) Different definitions of the modulation 
indices 

(d) All of the above 

67. In FM the noise can be further decreased 

/by 

(a) keeping deviation constant 
(ft) increasing deviation 

(c) decreasing deviation 

(d) none of the above 

68. In a radio receiver, the AGC voltage is 
proportional to the amplitude of 

(a) IF carrier 
(ft) audio signal 

(c) modulation 

(d) none of the above 

69. Regarding VTVM which of the following 
staements is incorrect ? 

(a) It measures a.c. volts 

( b ) It is usually plugged into power line 

(c) It cannot measure current directly 

(d) Its ohm ranges are usually upto R 
x 1000 ohms 

70. Long distance communication system via 
satellite uses freqauency in the range 

(a) 1 to 2.5 MHz 

(b) 3 to 6 GHz 

(c) 50 to 100 GHz 

(d) 200 to 400 GHz 

71. A geostationary statellite completes one 
orbit in 

(a) 24 minutes (ft) 24 hours 

(c) 24 days (d) none of the above 

72. A typical value of filter capacitor for 50 
Hz ripple is ..... 

(a) 20 jiflF (ft) 16 pF 

(c) 5F ( d) none of the above 
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73. An accurate ammeter must have a resis¬ 
tance of 

(a) very low value 
(ft) low value 

(c) high value 

(d) none of the above 

74. A geostationary satellite is not quite geos¬ 
tationary but executes a .figure-of- 

eight daily. 

(a) 10 ktn (ft) 20 km 

(c) 30 km ( d) 40 km 

75. The third electrode in a triode is kept 
(a) anywhere between cathode and anode 
(ft) exactly in between cathode and anode 

(c) hear the cathode 

(d) near the anode 

76. First geostationary satellite in the world 
was launched in 

(a) 1952 (ft) 1965 

(c) 1975 ( d) 1980 

77. Which of the following parametes is not 
used for comparing the noise performance 
of recievers? 

(a) Input noise voltage 
(ft) Noise frequency 

(c) Noise temperature 

(d) Equivalent noise resistance 

78. From which of the following places APPLE 
was shot into orbit by European Space 
Agency (on 19.06.1981) 

(a) Banglore in South India 
(ft) Cape Canaveral in Florida 

(c) Kourou in Frecnch Guyana 

( d) Carnarvon in Western Australia 

79. A satellite link can be made to carry. 

information when operating digitally than 
in analog fashion. 

(a) less 
(ft) more 

(c) either of the above 

(d) none of the above 

80. APPLE was powered by 
(a) nickel-cadmium batteries 
(ft) solar panels 
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(c) both (a) and (b) 

(d) none of the above 

81. Which method of braking is generally 
used in elevators? 

(a) Plugging 

(b) Regenerative braking 

(c) Rheostatic braking 

(d) None of the above 

82. Q factor of a transmission line at resonance 
is 

(a) coL/R ( b ) L/R 

(c) R/coL (d) L/CR 

83. In electromagnetic wave polarization is 
caused by 

/ (a) refraction 

(b) reflection 

(c) longitudinal nature of electromagnetic 
waves 

(d) transverse nature of electomagnetic 
waves 

84. For an electric field Maxwell’s divergence 
equation^ represent by 

(a) Ax^E = p/e 0 ( b ) A.£ = p/eo 
(c) A . E = p/2tiEq ( d) none of the above 

85. One volt equals which of the following? 

(a) One joule 

(b) One joule/coulomb 

(c) One coulomb/joule 

(d) None of the above 

86. Polarization of a radio wave is taken as 
the 

(a) normal to direction of the lines of 
force 

( b ) normal to direction of magnetic field 

(c) direction of the lines of force in the 
electric field 

( d) direction of magnetic field in space 

87. Radiation intensity in a given direction is 
the 

(a) energy radiated per square metre 

(b) power radiated per square metre 

( c ) power radiated per unit solid angle in 
that direction 
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(d) none of the above 

88. The best excited reflector from a wave 
guide is 

(a) horn ( b ) parabolic 

(c) biconical (d) comer 

89. The intrinsic impedance for a good 
diele ctric is given by 

(a) <L/C 

(b) <c7L 

(c) [{R+j(oQ/(R+j(oL)] i/2 
{d) [R+jQ>L) + (R+j<oC)] 1/2 

90. The controller in a control system consists 
of 

(a) the error detector 

(b ) the error detector and control element 
(i c ) either of the above 

(d) none of the above 

91. Superconductivity can be destroyed by 

(a) application of magnetic field 

(b ) reducing temperatures 

(c) adding impurities 

(d) none of the above 

92. In case of evaporated Nichrome resistors 
resistance value 

(a) increases with time 

(b) decreases with time 

(c) decreases at elevated temperatures 

(d) none of the above 

93. In case of which of the following, lowest 
noise can be expeced? 

(a) Metal film resistors 

(b ) Carbon composition resistors 

(c) Carbon film resistors 

(d) Tin oxide resistors 

94. .is used on magnetic tapes. 

(a) Ferric oxide 

(b) Chromium oxide 

(c) Barium chloride 

(d) None of the above 

95. Which of the following materials are com¬ 
monly evaporated in evaporate film resis¬ 
tors? 

(a) Nichrome and constantan 
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(b) Copper and aluminium 

(c) Gold and silver 

(d) Carbon and graphite 

( e ) None of the above 


96. Percentage tolerance in the resistance 
values of carbon film resistors is .per¬ 

cent. 


(a) 1 to 3 ( b ) 2 to 8 

(c) 5 to 20 (d) 8 to 25 


97. The industrial robot ASEA IRb-60 has 
payload of 

(a) 10 kg (b) 20 kg 

( c ) 30 kg (d) 60 kg 

98. Input impedance of a shorted lossless line 
of length X/4 is 

(a) zero ( b ) infinity 

(c) Z 0 (d) none of the above 


99. In carbon resistors, the inert filler is 

(a) alumina ( b ) a resin 

(c) silica ( d ) graphite 


100. With reference to a piston attenuator, which 
of the following statements is correct ? 

(a) It is a flap attenuator 

(b) It is a vane attenuator 

(c) It is a mode filter 

(d) It i5 a wave guide below cut-off 

101. Which of the following devices uses an 
axial magnetic field and a radial electric 
field? 

(a) Travelling wave magnetron 
C b ) Reflex klystron 

(c) Coaxial magnetron 

(d) CFA 


102 . .can be used as delay circuit. 

(a) Schmitt trigger circuit 

( b ) Bistable multivibrator 

(c) Monostable multivibrator 

(d) Astable multivibrator 


103. The configuration which provides both 
high current gain and high voltage gain 
of transistor amplifier is 

(a) common base 

( b ) common collector 


(c) common emitter 

104. The configuration in which voltage gain 
of transistor amplifier is lowest is 

(a) common base 

(b) common collector 

(c) common emitter 

105. A transistor-terminal curent is positive 
when the 

(a) curent is due to flow of electoms 

(b) current is due to flow of holes 

(c) electrons flow into the transistor at 
the terminal 

(d) electrons flow out of the transistor at 
the terminal 

106. A feedback circuit usually employs. 

(a) resistive network 

( b ) capacitive network 

(c) inductive network 

(d) none of the above 

107. The set of transistor characteristics that 

enables a to be determined directly from 
the slope is .characteristics. 

(a) common emitter transfer 

( b ) common emitter output 

(c) common base transfer 

(d) common base input 

108. A diac is equivalent to a 
(a) triac with two gates 

( h) diode and two resistors 

(c) pair of SCRs 

(d) pair of four-layer SCRs 

109. With negative feedback, the bandwidth of 

an amplifier is . 

(a) decreased 

( b ) increased 

(c) either of the above 
(J) none of the above 

110. An SCR may be considered to be 

.diodes back-to-back consisting of an 

anode, cathode and . 

(a) two, plate (b) three, plate 
(c) three, gate ( d ) four, base 

111. In a 3-phase half-wave rectifier, if the 
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input phase voltage is 200 V, the PIV 
required for each diode will be 

(a) 170 V (b) 270 V 

(c) 370 V (d) 440 V 

112. The load connected to the output of the 
control transformer should ideally have 
...impedance. 

(a) zero ( b ) medium 

(c) high ( d ) infinite 

113. Addition of zeros in transfer function 
causes .......compensation. 

(a) lag ( b ) lead 

( c ) lag-lead ( d ) none of the above 

114. Damping is a function of 

(a) 77 = 4 = ( b ) - 4 - 

Vgain gain 

(c) gain ( d) VgairT 

115. The characteristic equation of an armature 

controlled D.C. motor is of.order equa¬ 

tion. 

(a) zero ( b ) first 

(c) second (d) third 

116. Which of the following works as an error 
detector? 

(a) Control transformer 

(b) Synchro-transmitter 

(c) Both (a) and ( b) 

(d) None of the above 

117. . addressing is the addressing in which 

the instruction contains the address of the 
data to be operated on, 

(a) Register ( b ) Direct 

(c) Immediate ( d ) Implied 

118. Due to which of the following reasons 
N-channel FETs are superior to P-channel 
FETs? 

(a) Mobility of electrons is greater than 
those of holes 

(b) They consume less power 

(c) They have higher input impedance 

(d) They have high switching time 

119. In a P-N-P transistor, the charge carriers 
in the base region which play an important 


role in the operation of the transistor are 
the .carriers. 

(a) majority 

( b ) minority 

(c) either of the above 

(d) none of the above 

120. Which of the following statements is cor¬ 
rect regarding VTM? 

(a) It has the ability to measure wider 
rangers of voltage and resistance 

( b ) It has low input impedance 

(c) It has low power consumption 

121. An electromagnetic wave incident on a 
perfect conductor is 

(a) partially transmitted 

( b ) entirelly reflected 

(c) fully transmitted 

(d) none of the above 

122. Divergence theorem relates surface integra¬ 
tion with volume integration as 

(a) J (A . J) dv = (j)V . ds 

V S 

(b) | (A . J)dv ~ J . ds 

V 

(c) | (A . J)dv =(()$ J . ds 

V VS 

(d) none of the above 

123. A FET, for its operation depends on the 
variation of 

(a) forward-biased junction 

(b) reversed-biased junction 

(c) magnetic field 

(d) the depletion layer width with reverse 
voltage 

124. Pressure error can be measured by which 
of the following? 

(a) Selsyn 

(b) Strain gauge 

(c) Strain gauge and potentiometer 

(d) Differential bellows and strain gauge 

125. A restriction-volume combination is basi¬ 
cally a pneumatic 

(a) R-L circuit (b) R-L-C circuit 
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( c) R-C circuit ( d ) Rectifier 

126. The dit is a unit of 

(a) information ( b ) rate of information 
(c) entropy ( d) channel capacity 

127. In a vacuum tube main source of electron 
emission is 

(a) thermionic emission 

(b) secondary emission 

(c) photo electric emission 

(d) none of the above 

128. A carbon microphone is a variable 
.device. 

(a) capacitance ( b ) inductance 

(c) resistance ( d ) none of the above 

129. LSA diode is similar to which of the 
following ? 

(a) Gunn diode 

( b) Tunnel diode 

(c) IMPATT diode 

(d) Large-scale integrated diode 

130. By the use of which of the following 
sound in TV is usually modulated? 

(a) PM (b) PCM 

(c) FM (d) AM 

131. Which of the following stages furnish 
maximum gain? 

(a) Video amplifier 

( b) RE amplifier 

(c) IF amplifier 

(d) None fo the above 

132. With reference to ‘Time division complex’ 
which of the following statements is cor¬ 
rect? 

(a) It interleaves pulses belonging to dif¬ 
ferent transmissions 

( b ) It can be used with PCM only 

(c) It stacks several channels in adjacent 
frequency slots 

{d) It combines five groups into a single 
super group. 

(e) None of the above. 

133. For the transmission of normal speech 
signal, the PCM channel needs a 
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boundwidth of .kHz. 

(a) 2 (b) 4 

(c) 16 (d) 64 

134. Which of the following is not used as a 
microwave mixer or detector? 

(a) Backward diode 

( b ) Pin diode 

(c) Crystal diode 

(d) Schottky barrier diode 

135. A magic tee is a modification of 

(a) E-plane tee 

( b ) Two E-plane tees 

(c) H-plane tee 

(d) a combination of E-plane and H-plane 
tees 

136. The ratio of width to height (aspect ratio) 
of TV screen is 

(a) 1:1 (b) 2:1 

(c) 3:4 (d) 4:3 

137. By the advent of which of the following 
broad band long distance communication 
was originally made possible? 

(a) Repeater amplifier 

(b) Telegraph cable 

(c) Geostationary satellites 

(d) None of the above 

138. The VOR navigation system gives 

(a) position of the slip or plane 

(b) height of aeroplane 

(c ) range of target 

(d) none of the above 

139. For the TV screen, the dimension specified 
by the manufacturer is 

(a) diagonal (h) height 

(c) width (d) none of the above 

140. Nefer is .decibel. 

(a) smaller than (6) equal to 

(c) larger than (d) none~of the above 

141. The primary control on drain current, in 
a JEET, is exerted by which of the fol¬ 
lowing? 

(a) Gate reverse bias 

( b ) Channel resistance 
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(c) Voltage drop across channel 

(d) Size of depletion regions 

142. N-Channel FETs are superior to P-channel 
FETs because 

(a) they have a higher switching time 
C b ) they have a higher input imedance 
(c) mobility of electrons is greater than 
those of holes 
{d) all of the above 

143. The application where one would most 
likely to find a quartz crystal would be 

(a) sweep generator 

(b) radio transmitter 

( c ) radio receiver 

( d) all of the above 

144. Staggered tuned amplifiers generally use 

(a) CE configration 

( b ) CB configration 

(c) CC configration 

(d) JFET 

{e) none of the above 

145. Which of the following methods cannot 
be used to increase the bandwidth for 
cascaded amplifier stages? 

(a) Stagger tunning 

(b) Double tuned transformers with tighter 
coupling 

(c) A shunt damping resistor across each 
tuned circuit 

(d) Wave traps in each stage 

146. IGFET is a .device 

(a) half power ( b ) logarithmic 

(c) linear ( d) square law 

147.amplifier has output closer to the 

output of a half wave rectifier. 

(a) Class-A ( b ) Class-B 

(c) Class-C (d) None of the above 

148. The maximum efficiency of Class-B 
amplifiers is : 

(a) 20 percent (b) 40 percent 
(c) 60 percent (d) 78.5 percent 

149. The gain of RF amplifier with a tuned 
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LC circuit for the collector is maximum 
at the resonant frequency because of 

(a) series resonance 

(b) parallel resonance 

( c ) higher emitter resistance 

(d) low Q 

150. Which of the following statements is in¬ 
correct! 

(a) Negative feedback in an amplifier 
increases the stability of its voltage 
gain. 

(b) By introducing negative feedback the 
upper cut off frequency of an amplifier 
is increased 

(c) Emitter follower is the same as a 
common base amplifier circuit 

(< d) None of the above 

151. The transducer in a measurement system 
is the 

(a) signal-conditioning device 

(b) input element 

(c) output element 

(d) processing device 

152. A transistor is operated as non-saturated 
switch to eliminate 

(a) delay time ( b ) storage time 
(c) turn-on time(d) turn-off time 

153. Which of the following converters has a 
binary input? 

(a) D/A 

(b) A/D 

(c) Either of the above 

(d) None of the abvoe 

154. Which of the following is usecEas a data 
selector? 

(a) Multiflexer ( b ) Demultiplexer 

(c) Decoder (d) Encoder 

155. The electric flux and field intensity inside 
a conducting sphere is 

(a) uniform ( b ) minimum 

(c) maximum (d) zero 

156. ... ....is the heart of a digital computer. 

(a) Memory unit ( b ) Logic unit 

( c ) Control unit (d) Visual outplay unit 
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157. Which of the following is a minimum 
error code? 

(a) Excess-3 code ( b) Binary code 
(c) Octal code ( d) Gray code 

158. Read and write capabilities are available 
in 

(a) ROM 

(b) RAM 

(c) both (a) and ( b ) 

(i d ) neither ( a ) nor ( b) 

159. An impedance function whose real part 

vanishes at some real frequency is known 
as a minimum .i.function 

(a) resistance (b) susceptance 
(c) reactance ( d ) impedance 

160. A gate in which all inputs must be low 
to get a high output is called 

(a) An AND gate 
C b ) A NAND gate 

(c) An inverter 

(d) A NOR gate 

161. An impact printer is 

(a) capable of making carbon copies 

(b) faster than a non-impact printer 

(c) slower than a non impact printef 

(d) both (a) and (c) 

162. Which of the following is the distnce 
between adjacent maxima and minima of 
a standing wave?. 

(a) A/8 ' ( b) A/4 

/ / ,; (c)/ X/2 (d) X 

163. Which of the following devices is not 
required in temperature controlled furnace 
for heat treatment? 

(a) Thermocouple (b) Triac 

(c) PID controller (d) Stepper motor 

164. Surface integral of the electric field in¬ 
tensity is 

(a) diferential of volume flux 

( b ) electrical change 

(c) new flux emanating from the surface 

( d) none of the above 

165. In an impedance function, a pole at infinity 
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is realized with the use of 
(a) an inductance in series 
0 b ) a capacitance in series 

(c) an inductance in parallel with the driv¬ 
ing point terminals 

(d) any of the above 

166. A boot strap generator is a.generator 

(a) triangular wave 

( b ) .sweep 

(c) sine wave 

(d) square wave 

167. The voltage drop across the electrodes of 
a mercury pool rectifier 

(a) is almost independent of load current 

(b) varies exponentially with the load cur¬ 
rent 

(c) varies linearly with the load current 

(d) varies inversely as the load current 

168. The SCR contractor, in resistance welding, 

will close during .time. 

(a) weld 

( b) squeeze 

(c) hold 

(d) weld as well as off 

169. PCL 80 is a 

(a) vertical oscillator 

(b) horizontal oscillator 

(c) video amplifier 

(d) audio amplifier 

170. In the temperature limited region the mag¬ 
nitude of anode current is given by 

(a) Richardson’s equation 

(b) Child langmuir’s law 

(c) Either of the above 
(i d) None of the above 

171. The magnitude of anode current in the 
space charge limited region 

(a) varies with anod voltage 
(/?) varies with the temperature of the 
cathode 

(c) remains constant 

172. Slope of plate characteristics givps an in¬ 
dication about the magnitude of . 

resistance* 
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{a) static ( b ) dynamic 

( c ) d.c. (d) insulation 

173^ In a pentode a control grid is provided 
to 

(a) accelerate the electrons emitted from 
the plate 

{b) restrict the secondary emission from 
the plate 

( c ) collect electrons from the space charge 

(d) control the number of electrons moving 
from cathode to plate 

174. When a square voltge having non-zero 
D.C. voltage is applied to a low pass 
fillter, then the D.C. value of the output 

i 

is 

(a) always negative 

(b) always positive to the input D.C. value 

(c) same as the D.C. value of the input 

(d) zero 

175. For which of the following purposes an 
attenuator is used with travelling wave 
tube? 

(a) To help bunching 

( b) To prevent oscillations 

(c) To increase gain 

(d) To prevent saturation 

176. Wave guide feeders are pressurised 
{a) to detect faults 

(b) to reduce loss 

(c) to reduce noise 

(d) to prevent ingress of moisture 

( e) none of the above 

177. The best value of rectification efficiency 
for a full wave (unfiltered) rectifier could 
be around 

(a) 50 percent ( b ) 65 percent 
(c) 80 percent (d) 95 percent 

178. In a N-type semiconductor, the position 
of the Fermi level 

(a) is at the centre of the energy gap 

( b ) is lowr than the centre of energy gap 

(c) is higher than the centre of energy 

gap 

(d) can be anywhere depending upon the 
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doping concentration 

179. When some voltage is applied to an in¬ 
trinsic semiconductor at room temperature. 

(a) electrons move to positive terminal 
and holes move to negative terminal 

( b ) electrons move to negative terminal 
and holes move to positive terminal 

(c) both holes as well as electrons move 
to the negative terminal 

(d) both holes as well as electrons move 
to the positive terminal 

180. Which of the following happens when 
selenium is under the influence of varying 
light intensity? 

(a) Electrical conductivity changes 

(b) The number of electrons libereated 
varies. 

(c) E.m.f. is generated due to chemical 
reaction 

(d) E.m.f. is generated due to physical 
reaction 

181. The current in reverse bias in P-N junction 
diode may be 

(a) few micro or nano amperes 

(b) few milliamperes 

(c) between 0.2 A and 2 A 

(d) none of the above 

182. Which of the following statements for a 
zener diode is correct ■? 

(a) Sharp breakdown occurs at low reverse 
voltage 

(b) Forward voltage rating is high 

(c) Negative resistance characterstics exist 

(d) None of the above 

183. In a semiconductor diode, the barrier offers 
opposition to 

(a) majority carriers in both regions 

( b ) majority as well as minority carriers 
in both regions 

(c) holes' in P-region only 

(. d ) free electrons in N-region only 

\ 

184 .rectifier needs four diodes 

(a) Bridge 

( b ) Half wave 
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(c) Centre-tap full wave 
{d) None of the above 

185. Wave guide may be considered as a. 

filter 

(a) low pass ( b ) band pass 

(c) high pass ( d ) band reject 

186....diode is not used as a microwave 

mixer or detector 

(a) Schottky barrier 

(b) PIN 

(c) Crystal 

(. d) Backward 

187. Microstrip is similar to which of the fol¬ 
lowing ? 

(a) Microwave cavity resonator 

(b) Circular waveguide 

(c) Rectangular waveguide 

(d) Flat coaxial transmission line 

188. Due to which of the following reasons 
the TWT is sometimes preferred to the 
multicavity klystron amplifier? 

(a) It produces a higher output power 

(b) It has a greater bandwidth 

(c) It is more efficient 

( d ) It has a higher number of modes 

189. Which of the following statements is cor¬ 
rect regarding ‘Multicavity klystron’? 

(a) It is not suitable for pulse operation 

( b) It is not a microwave device 

(c) It has a high repeller voltage to ensure 
small transit time 

(d) It is not a good low level amplifier 
because of noise 


190. When light falls on the metal serface the 
electrons emitted 

(a) have energies that depend upon fre¬ 
quency of light 

( b ) have energies that depend upon inten¬ 
sity of light 

(c) have random energies 

(d) I are called photons 


191. Whe an electron rises through a potential 
of 150 V it will acquire an energy of 

(a) 150 ergs (b) 150 joules 


(c) 150 eV (d) none of the above 

192. In case of semiconductors, recombination 
is merging of 

(a) an electorn with a hole 
(h) an outside electron with semiconductor 
electron 

(c) two or more electrons 

(d) two or more holes 

193. The reflection co-efficient of a transmission 
line having VSWR of 2, is 

(a) 0 (b) Ml 

(c) 1/4 (d) 1/3 

194. An ideal diode should have which of the 
following characteristics? 

(a) Infinitely large resistance in forward 
as well as reverse bias # 

C b ) Infinite large resistance in the forward 

bias and zero resistance in reverse 

bias 

(c) Zero resistance in the forward bias as 
well as reverse bias 

(i d ) Zero resistance in he forward bias and 
infinite large resistance in reverse bias 

195. For rectangular waveguides, the dominant 
mode is 

(a) TE, 0 (b) TE m 

(c) TEM (d) TM n 

196. Which of the following is a passive com¬ 
ponent? 

(a) Vacuum tube devices 

(b) Capacitors 

(c) Semiconductor devices 

(d) All of the above 

197. Which of the following is an active 
device? 

(a) Electric bulb 

( b ) Transformer 

(c) SCR 

(d) Loud; speaker 

198. For a half wave rectified sine wave the 
ripple factor is 

(a) 1.65 (A)'1.45 

(c) 121 (d) 1.00 
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199. In order to obtain a P-type germanium, 
the germanium should be doped with a 
- ...>• impurity 
{a) tri valent 

(b) ^tetravalent 

(c) pentavalent 

(d) any of the above 


200. A general purpose diode is more likely 
to suffer avalanche breakdown rather than 
Zener breakdown because 

(a) it is lightly doped 

( b) it has low reverse resistance 

(c) its leakage current is small 

(d) it has strong covalent bonds 


ANSWERS 
(Model Test Paper-3) 

Choose the Correct Answer : 


1. (a) 

2. ( b) 

3. ( b ) 

4. (d) 

5. (c) 

6. (b) 

7. (b) 

8. (</) 

9. (a) 

10. (b ) 

11. (c) 

12. (a) 

13. .(a) 

14. id) 

15. (6) 

16. ( b) 

17. ( b) 

18. (<■) 

19. ( a) 

20 (/;) 

21. (d) 

22. (a) 

23. (b) 

24. (a) 

25. (c) 

26. (d) 

27. (d) 

28. (a) 

29. (d) 

30r (c) 

31. (c) 

32. ( b) 

33. (d) 

34. (d) 

35. (J) 

36. (d) 

37. (b) 

38. id) 

39. (< ) 

40. (d) 

41. (, d) 

42. (a) 

43. (c) 

44. (c) 

45. (*) 

46. (b) 

47. ( d) 

48. (</) 

49. (a) 

50. (c) 

51. ( b ) 

52. (d) 

53. (c) 

54. (c) 

55. (/>) 

56. (a) 

57. ( b ) 

58. (b) 

59. (<■) 

60. (<") 

61. (c) - 

62. (d) 

63. (fr) 

64. (a) 

65. (a) 

66. (a) 

67. ( b) 

68. (a) 

69. (rf) 

70. (fr) 

71 .(b) 

72. (b) 

73. (a) 

74. (6) 

75. (c) 

76. ( b) 

77. (a) 

78. (c) 

79. 

80. (c) 

81. (a) 

82. (a) 

83. (d) 

84. (/;) 

85. (t-) 

86. (c) 

87. (c) 

88. (a) 

89. (a) 

90. (b) 

91. (a) 

92. (a) 

93. (a) 

94. («) 

95. (a) 

96. (c) 

97. (d) 

98. (h) 

99. («) 

100. (d) 

101. ( d ) 

102. (c) 

103. (f) 

104. (h) 

105. {d) 

106. (a) 

107. (c) 

108. (d) 

109. (b) 

110. (c) 

111. (c) 

112. (c) 

113. (a) 

114. (a) 

115. (d) 

116. (c) 

117. ( b ) 

ll^>tl 

119. (h) 

120. (a) 

121. ( b) 

122. (a) 

123. (d) ^ 

124. (d) 

125. (<') 

126. (a) 

127. (a) 

128. (c) 

129. («) 

130. (t) 

131. (b) 

132. (a) 

133. (b) 

134. (b) 

135. («) 

136. (d) 

137. (a) 

138. (a) 

139, (a) 

140. (r) 

141. (a) 

142. (c) 

143. (b) 

144. (b) 

145. U/) 

146. (d) 

147. (b) 

148. (d) 

149. (6) 

ISO. (C) 

151. (h) 

152. (b) 

153. (a) 

154. («) 

155. (f/) 

156. (c) 

157. (4 • 

158. (b) 

159. (a) 

160. (<•/) 

161. ( d) 

162. ( b) 

163. (d) 

164. (r) 

165. (n) 
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166. ( b) 
171. ( a ) 
176. (c) 
181. (a) 
186. (b) 
191. (c) 
196. ( b ) 
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167. (a) 
172. ( b) 
177. (c) 
182. (a) 
187. (d) 
192. ( b ) 
197. (c) 


168. (a) 

169. 

173. (d) 

174. 

178. (c) 

179. 

183. (a) 

184. 

188. ( b) 

189. 

193. {d) 

194. 

198. (c) 

199. 


(c) 

170. (a) 

(c) 

175. (fc) 

(a) 

180. (a) 

(a) 

185. (c) 

(d) 

190. (a) 

id) 

195. {a) 

(a) 

200. (a) 


□ □ 
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Time 


hours 


Maximum Marks : 150 

Choose the Correct Answer : 

1. Which of the following is a vector quan¬ 
tity? 

{a) Relative permeability 

( b) Magnetic field intensity 
{c) Flux density 

id) Magnetic potential 

2. The direction of magnetic lines of force 
is 

(a) from south pole to north pole 
{h) from north pole to south pole 

(c) from one end of the magnet to another 

(d ) none of the above 

3. Locked rotor current of a shaded pole 
motor is 

(a) equal to full load current 
(h) less than full load current 

(c) slightly more than full load current 

(d) several times the full load current 

4. If a third equal and. similar charge is 
placed between two equal and similar char¬ 
ges, then the third charge will 

(a) move out of the field of influence of 
the two charges 

(h) remain in stable equilibrium 

(c) not be in equilibrium 

(d) be in unstable equilibrium 

5. In order to remove static electricity from 
machinery 

{a) construct insulated cabins 

(b) insulate the machinery 

(c) ground the frame work 
{d) humidify the surroundings 

6. An electrolytic capacitor is generally made 
to provide 

(a) low capacitance 

( b) fixed capacitance 
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(c) variable capacitance 

(d) large value of capacitance 

7. A magnetic field exists around 

(a) iron (b) copper 

(c) aluminium (d) moving charges 

8. Which of the following is expected to 
have the maximum permeability? 

(a) Brass ( b ) Copper 

(c) Zinc {d) Ebonite 

9. Regenerative braking on D.C. shunt motors 
is used when 

(a) the load has overhauling characteristics 

(b) the load is variable 

(c) the load also acts as a braking force 
(< d ) the load is constantly decreasing 

10. The materials having low relenlivity are 
suitable for making 

(. a ) weak magnets 

( b ) temporary magnets 
(c> permanent magnets 

(d) none of the above 

11. When a bar magnet is bent at its centre 
to form the shape of L, its magnetic 
moment will be 

(a) 2 times its original value 

(b) 1/V2 times its original value 

(c) 1/2 times its original value 

( d ) 1/3VT times its original value 

12. Which of the following losses of D.C. 
motor decrease with increase in load? 

(a) friction and windage loss 

( b) Cc\re loss 

(c) Brush contact loss 

(d) None of the above 

13. Which of the following is not necessarily 
the advantage of D.C. motor over A.C. 
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motors? 

(a) Better speed control 

( b ) Low cost 

(c) High starting torque 

( d) Wide speed range 

14. Four point starter in the D.C. motor is 
used 

(a) to decrease the field current 

(b) to increase the field current 

'(c) not to effect the current passing 
through 'Hold on’ coil even if any 
change in the field current takes place 

(d) all of the above 

( e ) none of the above 

15. Laminated cores, in electrical machines, 
are used to reduce 

(a) copper loss 

( b ) eddy current loss 

(c) hysteresis loss 

(d) all of the above 

16. Hysteresis loss least depends on 
' (a) volume of material 

( b) frequency 

(c) weight of material 

(d) ambient temperature 

17. Battery container should be acid resistance, 
therefore it is made up of 

(a) glass ( b ) plastic 

(c) wood (d) all of the above 

18. Hysteresis motor is particularly useful for 
high quality record players and tape-re- 

\ corders because 

{a) it revolves synchronously 
\b) it is not subject to any magnetic or 
mechanical vibrations 

(c) it can be easily manufactured in ex¬ 
tremely small sizes of upto 1 W output 

(d) it develops hysteresis torque which is 
extremely steady both in amplitude 
and phase 

19. The relative permeability is less than unity 
in case of 

(a) ferromagnetic materials 

(b) ferrites- 
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(c) non-ferrous materials 

(d) diamagnetic materials 

20. In which of the materials the spin moments 
associated with two sets of atoms are 
aligned antiparallel to each other? 

(a) Ferromagnetic materials 

( b ) Ferrites 

(c) Ferrimagnetic materials 

(d) Antiferromagnelic materials 

21. The magnetisation and applied field in 
ferromagnetic materials are related 

(a) sinusoidally (b) linearly 
(c) non-linarly (d) parabolically 

22. Temporary magnets are used in 

(a) loud-speakers (b) generators 
(c) motors (d) all above 

23. A 3-phase slip-ring induction motor is 
always started with 

(a) a starting winding 

(b) squirrel cage winding 

(c) no external resistance in rotor circuit 

(d) full external resistance in rotor circuit 

24. In a star-delta starter of an induction motor 

(a) resistance is inserted in the stator 

(b) reduced voltage is applied to the stator 

(c) resistance is inserted in the rotor circuit 

(d) applied voltage per stator phase is 
57.7% of the line voltage 

25. Ia an overloaded motor main danger arises 
due to 

(a) winding getting overheated 

(b) busbars getting heated 

(c) starter getting damaged 

(d) bearings getting overheated 

26. Batteries are charged by 

(a) rectifiers 

( b ) engine generator sets 

(c) motor generator sets 

(d) any one of the above methods 

27. Following will happen if the specific 
gravity of electrolyte becomes more than 
1.23 : 

(a) Loss of capacity 
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(b) Loss of life 

(c) Corrosion of the grids of the plate 

(d) All of the above 

28. Which of the following coils, will have 
e.m.f. closer to sine waveform? 

(a) Distributed winding in full pitch coils 

(b) Distributed winding in short pitch coils 

( c ) Concentrate winding in full pitch coils 

(d) Concentrated winding in short pitch 
coils 

29. A variable capacitor of 100 |LiF carries a 
charge of 0.35 (LiC. The capacitance is 
subsequently reduced to 40 pF.Yhe voltage 
appearing across the capacitor after reduc¬ 
tion of its capacitance will be 

(a) 8750 V (b) 4350 V 

(c) 2000 V (d) 1500 V 

30. ..is that property of a capacitor 

which delays any change of voltage across 
it. 

(a) Inductance 

(b) Capacitance 

(c) Potential gradient 

( d) None of the above 

31. Capacitance of a multiplate capacitor is 
given by 


(n- l)eoe,A 2 (n-l)eoe^ 

<0 - J— <« 0 —- d - 

32. Ferrites are ........materials 

(a) paramagnetic (b) diamagnetic 
(c) ferromagnetic ( d) none of the above 

33. The commonly used material for shielding 
or screening magnetism is 

(a) copper ( b ) aluminium 

(c) soft iron ( d) brass 

34. Which of the following is not a unit of 
inductance? 

(a) Henry 

(b) Coulomb/volt ampere 

(c) Volt second per ampere 
(< d) All of the above 


(*) 


(>2- l) 2 
cfi 
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35. The law that the induced e.m.f. and current 
always oppose the cause producing them 
is due to 

( a ) Faraday ( b ) Lenz 

(c) Newton ( d ) Coulomb \ 


36. A laminated iron core has reduced eddy 
current losses because 

(a) more wire can be used with less D.C. 
resistance in coil 

(b) the laminations are insulated from each 
other 

(c) the magnetic flux is concentrated in 
the air gap of the core 

(d) the laminations are stocked vertically 


37. 


The co-efficient of self-inductance for a 
coil is given as 


, v NI 
NI 2 

<t> 


(b) 


N^ 

I 




38. The magnetising current drawn by induc¬ 

tion motors and transformers is the cause 
of their . power factor 

(a) leading ( b ) laging 

(c) unity ( d ) zero \ 

39. The advantage of a slip-ring induction 
motor over a squirrel cage induction motor 
is that 

(a) it has higher efficiency 

(b) it has higher power factor 

(c) it can be started with the help of rotor 
resistance starter 

(d) none of the above 

40. Internal resistance of a cell is reduced by 
(a) using vent plug to permit gas formed 

during discharge 
(, b ) increasing the plate areas 

(c) putting plates very close together 

(d) all above methods 

41. If the area of hysteresis loop of a material 
is large the hysteresis loss in this material 
will be 

(a) zero ( b ) small 

(c) large ( d ) none of the above 
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42. Cell short-circuit results in 

(a) low specific gravity electrolyte 

( b ) abnormal high temperature 

(c) reduced gassing on charge 
(< d) all above 

43. Aluminium and platinum are.materials. 

{a) ferromagnetic ( b ) diamagnetic 

(c) paramagnetic {d) insulating 

44. The presence of an uncharged conductor 
near a charged one increases the 

(< a ) charge of the charged conductor 

( b ) capacity of the charged conductor 

(c) potential of the charged conductor 

( d) all of the above 

45. Which of the following capacitors will 

have the least value of breakdown voltage? 

(a) Mica ( b ) Paper 

(c) Ceramic ( d) Electrolytic 

46. Electric intensity at any point in an electric 

field is equal to the . at that point. 

(a) electric flux 

(b) magnetic flux density 

(c) potential gradient 

(d) none of the above 

47. Starting winding of a single phase motor 
of a refrigerator is disconnected from the 
circuit by means of a 

(a) magnetic relay 

( b ) thermal relay 

(c) centrifugal switch 
{d) none of the above 

48. Silicon steel is used in electrical machines 
because it has 

(a) low coercivity 

(b) low retentivity 

(c) low hysteresis loss 

(d) high coercivity 

49. A D.C. motor can be easily identified by 

(a) windings 

( b ) commutator 

(c) size of conductor 
id) yoke 

50. Electric flux density (D) is related to 
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electric field intensity (E) by the relation 

(a) D = 

(b) D = £q^E 2 

(c) D - £()£,. VE 

(d) D = e,E 3 

51. D.C. shunt motors are used for driving 

(a) trains ( b ) cranes 

(c) hoists (d) machine tools 

52. Torque develop by a D.C. motor depends 
upon 

{a) magnetic field 

( b ) active length of the conductor 

(c) current flow through the conductors 

(d) nujnber of conductors 

(e ) radius of armature 
(/) all above factors 

53. The following will happen if battery charg¬ 
ing rate is high : 

(a) Excessive gassing will occur 

(b) Temperature rise will occur 

( 1 c ) Bulging and buckling of plates will 
occur 

(d) All above will occur 

54. The motor used for compressors is 

(a) d.c series motor 

(b ) shaded pole motor 

(c) capacitor-start capacitor-run motor 

(d) reluctance motor 

55. In a lead-acid cell, if the specific gravity 
of sulphuric acid is 1.8 it will require 
following ratio of acid to water to get 
mixture of specific gravity of 1.3. 

(a) 6 parts of acid to 4 parts of water. 

(b) 4 parts of acid of 4 parts of water 

(c ) 4 parts of acid to 6 parts of water 

( d) 4 parts of acid to 8 parts of water 

56. Two alternators T and ‘2’ are sharing an 
inductive load equally. If the excitation of 
alternator ‘T is increased 

(a) alternator ‘2’ will deliver less current 
and alternator T will deliver more 
current 

( b ) alternator ‘2’ will deliver more curent 
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and alternator ‘1’ will deliver less 
current 

(c) both will delivery more current 

(d) both will continue to share load 
equally 

57. Sulphated cells are indicated by 

(a) the loss of capacity of the cell 

( b ) the decrease of the specific gravity 

(c) the low voltage of the cell on discharge 
(i d) all aove conditions 

58. An exciter for a generator is a 

(a) shunt motor 

( b ) series motor 

(c) series generator 

(d) shunt generator 

(e) none of the above y 

59. Which of the following statemens regard¬ 
ing two value capacitor motor is incorrect ? 

(a) It is a reversing motor 

( b ) It is preferred to permanent-split single 
value capacitor motor where frequent 
reversals are required 

(c) It has low starting as well as rushing 
currents 

{d) It has high starting torque 

60. Air gap has .reluctance as compared 

to iron or steel path 

(a) little ( b ) lower 

(c) higher ( d) zero 

61. Which of the following circuit breakers 
has the lowest voltage range ? 

(a) SF 6 circuit breaker 

( b ) Air blast circuit breaker 

(c) Tank type oil circuit breaker 

(d) Air-break circuit breaker 

62. Power system stability is least affected by 

(a) reactance of generator 

_{b) input torque 

(c) losses 

(d) reactance of transmission line 

63. The units of electric intensity is 

(a) N/C 2 (b) Wb/m 2 

(c) N/C (d) N 2 /C 
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64. Which of the following motors is used in 
the locomotives motor drives? 

(a) D.C. series motor 

( b ) A.C. series motor 

(c) Synchronous motor 

(d) Induction motor 

65. The retardation test is applicable to shunt 
motors and generators and is used to find 

(a) the copper losses 

( b ) the stray losses 

(c) the friction losses 

(i d) the eddy current losses 

66. When a double squirrel cage motor is 
started, the current induced in the rotor 

(a) flows mostly through the upper winding 

(b) flows mostly through the lower wind¬ 
ing 

(a) is directly proportional to The im¬ 
pedance offered by each cage 

(b) is equally divided between the two 
windings 

67. Regenerative method of braking is based 
on that 

(a) back e.m.f. is less than the .applied 
voltage 

(b) back e.m.f. is equal to the applied 
voltage 

(c) back e.m.f. of rotor is more than the 
applied voltage 

(d) none of the above 

68. Which of the following methods of braking 
is used in rolling mills? 

(a) Dynamic braking 

(b) Plugging 

(c) Regenerative braking 

(d) Mechanical brakes \ 

69. Which of the following statements regard¬ 
ing hysteresis motor is incorrect ? 

(< a) It is extremely sensitive to fluctuation 
in supply voltage 

(b) Its high starting torquie is due to its 
high rotor hysteresis loss 

(c) It is extremely quiet in operation 

(d) It accelerates from rest to full speed 
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almost instantaneously 

70. The starting torque of a three phase in¬ 
duction motor can be increased by 

(a) increasing slip 

( b) increasing current 

(c) both ( a ) and ( b ) 

( d) none of the above 

71. Which of the following motors is «used 
for unity power factor? 

(a) Hysteresis motor 

(b) Schrage motor 

(c) Universal motor 

(d) Reluctance motor 

72. The rotor of an induction motor runs at 

(a) synchronous speed 

( b) below synchronous speed 

( c ) above synchronous speed 

(d) any of the above 

73. In an alternator, the flux created by the 
armature mmf subtracts directly from the 
main flux for the following condtion of 
the load 

(a) load power factor is unity 

(b) load power factor is 0.6 lagging 

(c) load power factor is zero lagging 

( d ) load power factor is zero leading 

74. Main causes of noisy solenoid are 

(a) strong tendancy of fan out of lamina¬ 
tions at the end caused by repulsion 
among magnetic lines of force 
C b ) uneven bearing surface, caused by dirt 
or uneven wear between moving and 
stationary parts 

(c) both of above 

(d) none of the above 

75. A squirrel cage induction motor running 
on no load is loaded, which of the fol¬ 
lowing statements is incorrect ? 

(a) Current in the rotor bars decreases 
C b ) Motor speed decreases 

(c) Torque developed by the rotor in¬ 
creases 

( d ) Stator flux keeps rotating synchronous¬ 
ly 
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76. Synchronous impedance method of finding 
voltage regulation of an alternator Js called 
pessimistic method because 

(a) it is simplest to perform and compute 

( b ) it gives regulation value higher than 
is actually found by direct loading 

(c) armature reaction is wholly magnetis¬ 
ing 

(d) none of the above 

77. When a conductor carries more current 
on the surface as compared to cor 6, it is 
due to 

(a) permeability variation 

(i b ) corona 

(c) skin effect 

(( d) unsymmetrical fault 

( e ) none of the above 

78. In self-cooled motors the cooling time 

constant is about .than the heating 

time constant because cooling conditions 
are worse at standstill. 

(a) 2 to 3 times greater 

( b ) 3 to 4 times greater 

(c) 4 to 5 times greater 

(d) none of the above 

79.photometer is used for comparing the 

lights of different colours. 

(a) Grease spot 

( b ) Bunsen 

(c) Lummer Brodhum 

(d) Guilds Flocker 

80. Aluminium when adopted as a conductor 

material in .transformers, decreases the 

overall cost of the transformer. 

(a) small size ( b) medium size 
(c) large size (d) any of the above 

81. In single core cables armouring is not 
done to 

(a) avoid excessive sheath losses 

(b ) make it flexible 

(c) either of the above 

( d) none of the above 

82. Which of the following materials is used 
in the manufacture of resistance grids to 
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be used in the starters of large motors. 

(a) Copper ( b ) Aluminium 

(c) Steel (d) Cast iron 

83. Ward-leonard controlled D.C. drives are 

generally used for . excavators. 

(a) light duty ( b > medium duty 
(c) heavy duty ( d) all of the above 

84. . ... is preferred for synthetic fibre mills. 

(a) Synchronous motor 

(b) Reluctance motor 

(c) Series motor 

(d) Shunt motor 

85. Which of the following motors are 
preferred for overhead travelling crapes? 

(a) Slow speed motors 

(b) Continuous duty motors 

(c) Short time rated motors 

(d) None of the above 

86. In the speed can be varied by 

changing the position of brushes. 

(a) slip ring motor 

( b ) scharge motor 

( c ) induction motor 

(d) repulsion motor 

87. Bus coupler is very essential in . ar¬ 

rangement 

(a) single bus 

( b ) double bus, double breaker 

(c) main and transfer bus 

( d) all of the above 

88. A synchronous condenser is virtually which 
of the following? 

(a) Induction motor 

( b ) Under-excited synchronous motor 

(c) Over-excited synchronous motor 

(d) D.C. generator 

(e) None of the above 

89. A balanced 3-phase system consists of 

(a) zero sequence currents only 

( b ) positive sequence currents only 

(c) negative and zero sequence currents 

(d) zero, negative and positive sequence 
currents 
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90 . ....is universally used for windings of 

electrical machines because it is easily 
workable without any possibility of frac¬ 
ture. 

( a ) Silver ( b ) Steel 
(c) Aluminium (d) Copper 

91 .will need lowest level of illumination 

( a\ Audiotoriums 
(_b) Railway plateform 

(c) Displays 

(d) Fine engravings 

92. Heavy duty cranes are used in 

(a) ore handling paint 

(b) steel paints 

(c) heavy engineering workshops 
(i d) all of the above 

93. The change in flux linkages can be caused 
in which of the following ways? 

(a) The flux is constant with respect to 
time and is stationary and the coil 
moves through it 

(b) The coil is stationary with respect to 
flux and the flux varies in magnitude 
with respect to time 

(c) Both the changes mentioned above 
occur together, the coil moves through 
a time varying field 

(( d) all of the above 

94. has a low relative permeability and 

is used principally in field frames when 
cost is of primary importance and extra 
weight is not objectionable. 

(a) Cast steel ( b ) Aluminium 

(c) Soft-steel (d) Cast-iron 

95. Which of the following methods is nor¬ 
mally not preferred for welding of 
chromium molybdenum steels? 

(a) Oxyacetylene welding 

(b ) Resistance welding 

(c) Thermit welding 

(d) Submerged arc welding 

96. Which of the following motors are best 
for the rolling mills? 

(a) Single phase motors 
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(b) Squirrel cage induction motors 

(c) Slip ring induction motors 

(d) D.C. motors 

97. Which of the following losses, in a 
synchronous motor, does not vary with 
load? 

(а) Windage loss 

(б) Copper losses 

(c) Any of the above 

(d) None of the above 

98. The connected load of a domestic con¬ 
sumer is around 

(a) 5 kW ( b ) 40 kW 

(c) 80 kW (d) 120 kW 

99. Series capacitors on transmission lines are 
of little use when the load VAR require¬ 
ment is 

(a) large ( b ) small 

(c) fluctuating (d) any of the above 

100. Electro-mechanical voltage regulators are 
generally used in 

{a) reactors ( b ) generators 

(c) transformers (d) all of the above 

101. The angular displacement between two 
interconnected stations is mainly due to 

(a) armature reactance of both alternators 
ib) reactance of the interconnector 

(c) synchronous reactance of both the al¬ 
ternators 

(d) all of the above 

102. The slot leakage can be calculated by 
making which of the following assump¬ 
tions? 

(a) The current in the slot conductors is 
uniformly distributed over their cross- 
section 

( b ) The leakage path is straight across the 
slot and around-the iron at the bottom 

(c) The permeance of airpaths is only 
considered. The reluctance of iron 
paths is assumed as zero. 

(d) All of the above ~ 

103. Which of the following methods is most 
accurate? 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(a) Equivalent current method 

(b) Equivalent power method 

(c) Equivalent torque method 

(d) Method of average losses. 

104. For the same lumen output, the running 
cost of the fluorescent lamp is 

(a) equal to that filament lamp 

( b ) less than that of filament lamp 

( c ) more than that of filament lamp 

(d) any of the above 

105.has the least value of starting torque 

to full load torque ratio. 

(a) D.C. shunt motor 

( b ) D.C. series motor 

(c) Squirrel cage induction motor 

(d) Slip ring induction motor 

106. Which of the following methods does not 
take into account the maximum tempera¬ 
ture rise under variable load conditions? 
(d) Equivalent power method 

( b ) Equivalent current method 

(c) Method .of average losses 

(d) Equivalent torque method 

107. Commercial available medium size mach- 

nies have a speed range of . 

(a) 200 to 400 r.p.m. 

(b) 600 to 1000 r.p.m. 

(c) 1000 to 1500 r.p.m. 

(d) 2000 to 2500 r.p.m. 

108. On which of the following docs the size 
of a feeder depend? 

(a) Voltage drop 

(b) Voltage 

(c) Frequency 

(d) Current carrying capacity 

109.has least range of speed control. 

(a) Slip ring induction motor 

(b) Synchronous motor 

(c) D.C. shunt motor 

(d) Schrage motor 

110. For which of the following, protection 
from negative sequence currents is 
provided? 

( a ) Generators 
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( b) Motors 

(c) Transmission lines 

( d) Transformer 

111. The action of electromagnetic machines 
can be related to which of the following 
basic principles? 

{a) Induction ( b ) Interaction 

(c) Alignment ( d ) All of the above 

112. Which of the following instruments is 
used for the comparison of candle powers 
of different sources? 

(a) Radiometer 

(b) Bunsen meter 

(c) Photometer 

(i d ) Candle meter 

113. Electrical machines having power outputs 

ranging from a few kW upto approximately 
250 kW may be clasified as. 

(a) small size machines 

(b) medium size machines 

(c) large size machines 

(d) any of the above 

114. A short-circuit is identified by 

(a) no cm \ it flow 

( b) heavy current flow 

(c) voltage drop 

(d) voltage rise 

115. In a distribution system major cost is that 
of 

(a) earthing system 

(b) distribution transformer 

(c) conductors 

(d) meters 

116. The short-circuit in any winding of the 
transformer is the result of 

(a) mechanical vibration 

( b ) insulation failure 

(c) loose connection 

(d) impulse voltage 
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117. Battery operated scooter for braking uses 

(a) plugging 

( b ) mechanical braking 

(c) regenerating braking 

(d) rheostatic braking 

118. The travelling speed of cranes vaires from 

"(a) 20 to 30 m/s (b) 10 to 15 m/s 
(c) 5 to 10 m/s (d) 1 to 2.5 m/s 

119. In a synchronous motor, the armature cur¬ 
rent has large values for 

"(a) high excitation only 

( b ) low excitation only 

(c) both high and low excitation 

(d) none of the above 

120. Which of the following equipments is used 
to limit short-circuit current level in a 
sub-station? 

(a) Isolators 

(b) Lightning switch 

(c) Coupling capacitor 

(d) Series reactor 

121. Low tension cables are generally used 
upto 

(a) 200 V 

_ b) 500 V 
(c) 700 V 

(J) 1000 V 

122. By which of the following methods motor 
rating for variable load drives can be 
determined? 

(a) Method of average losses 

( b ) Equivalent current method 

(c) Equivalent torque method 
{d) Equivalent power method 

(i e ) All of the above _ 
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123. In lighting installation using filament lamps 
1% voltage drop results into 

(a) no loss of light 

( b ) 1.5 percent loss in the light output 

(c) 3.5 percent loss in the light output 

(d) 15 percent loss in the light output 

124. Filament lamp at starting will take current 

(a) less than its full running current 

(b) equal to its full running current 

(c) more than its full running current 

125. Surge absorbers protect against .oscil¬ 

lations 

(a) high voltage high frequency 

(b) high voltage low frequency 

(c) low voltage high frequency 

( d) low voltage low frequency 

126. Distance relays are generally 
(a\ split-phase relays 
(^'Feactance relays 

(e) impedance relays 

( d) none of the above 

127., For which of the following the excitation 
/ control method is satisfactory? 
ya) Low voltage lines 
(i b ) High voltage lines 

(c) Short lines 

(d) Long lines 

R 

128. In which of the following cases shunt 
capacitance is negligible? 

(a) Short transmission lines/ 

( b) Medium transmission lines 

(c) Long transmission lines 

( d) All transmission lines 

129. The area of cross-section of the neutral 

in a 3-wire D.C. system is generally ... 
the area of cross-section of main conductor. 
{a) same as ( b) one-fourth 

(c) one-half (d) double 

130. In case of .speed control by injecting 

e.m.f. in the rotor circuit is possible 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

(a) dx. shunt motor 

- (b) scharge motor 

ic) synchronous motor 
, 0) slip ring induction motor 

131. In a-synchronous motor if the back e.m.f. 
x .generated in the armature at no-load is 

approximately equal to the applied voltage, 
then 

- (a)^the motor is said to be fully loaded 

( b ) the torque generated is maximum 

(c) the excitation is said to be zero percent 

(d) the excitation is said to be hundred 
percent 

132. In a power plant if the maximum demand 
on the plant is equal to the plant capacity, 
then 

(a) plant reserve capacity will be zero 

(b) diversity factor will be unity 

(c) load factor will be unity 

(d) ToaSLfactor will be nearly 60% 

133. The material used for the manufacture of 
grounding wires is, 

(a) cast iron 

( b ) aluminium 

(c) stainless steel 

(d) galvanzised steel 

134. A circuit breaker, under noniiai conditions, 
should be inspected 

(a) every day 

(b) every week 

(c) every month 

(d) once in 6 months or 12 months 

135. The under-voltage relay can be used for 

(a) generators 

( b ) busbars 

(c) transformers 
Jjd) motors 

{e) all of the above 
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136. A pony motor is used for Jhe starting 
wfiich of the following motors? 

{a) Squirrel cage induction motor 

(b) Scharge motor 

(c) Synchronous motor 

(d) None of the. above 

137. In which of the following applications 
variable speed operation is preferred? 

(a) Exhaust fan 

(b) Ceiling fan 

(c) Refrigerator 

(d) Water pump 

138. Due to moonlight, illumination is nearly 

(a) 3000 lumens/m 2 

( b ) 300 lumens/m 2 

(c) 30 lumens/m 2 

(d) 0.3 lumen/m 2 

139. Steepness of the travelling waves is 

attenuated by.of the line. 

(a) capacitance 
(j b ) inductance 

(c) resistance 

(d) all of the above 

140. A fuse wire possesses 

(a) direct time characteristics 
(h) inverse lime characteristics 

(c) either of the above 

(d) none of the above 

141. The information to the circuit breaker 
under fault conditions is provided by 

(a) relay 

( b ) rewirable fuse 

(c) H.R.C. fuse 

( d) all of the above 

142. A booster is connected in 

(a) parallel with earth connection 

( b ) parallel with the feeder 

(c) series with the feeder 

{d) series with earth connect^- 


143. For the same power output 

(a) high voltage rated lamps will be more 
sturdy 

( b ) low voltage rated lamps will be more 
sturdy 

(c) both low and high voltage rated lamps 
will be equally sturdy 

144. The surge resistance of cable is 

(a) 5 ohms 

( b ) 20 ohms 

(c) 50 ohms 

(d) 100 ohms 

145. In a grid control or mercury arc rectifers, 
when the grid is made positive relative 

to cathode, then it.the electrons on 

their, way to anode. 

(a) accelertes 

(b) decelarates 

(c) any of the above 

(d) none of the above 

146. Skin effect is noticeable only at.... fre¬ 
quencies 

(a) audio 
{d) all 

(e) high 

( b ) low 

147. ....is a constant speed motor. 

(a) Synchronous motor 

( b ) Schrage motor 

(c) Induction motor 
(i d) Universal motor 

148. Base load plants usually have.capital 

cost, .operating cost and .load 

factor 

(a) high, high, high 

(b ) high, low, high 

(c) low, low, low 
f d) low, high, low 
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149. The starting torque in case of centrifugal 
pumps is generally 

(a) less than running torque 

(b) same as running torque 

(c) slightly more than running torque 

(d) double the running torque 


ELECTRICAL ENGINEERING (OBJECTIVE TYPE) 

150. For a consumer the most economical power 
factor is generally 
(a) 0.-5 lagging 
(, b ) 0.5 leading 

(c) 0.95 lagging 

( d) 0.95 leading 
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